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TITLE 

INTERLEUKIN 16 PROTEASE 

5 

TF.rHNTCAT. FTFJ.D OF THE INVENTION 

This invention relates to an interleukin IB protease enzyme (EL-lB pro) having 
biological activity to cleave inactive precursor interleukin- 115 (IL-IB) polypeptides into 
active mature IL-16 polypeptides. More qjecifically, the invention provides an isolated IL- 
10 16 pro polypeptide and derivatives thereof that are capable of cleaving a particular amino 
acid sequence, including the amino acid sequence at the N-terminus of human IL- IB. The 
present invention further provides a group of compounds that can inhibit IL-IB pro activity 
and thereby function as IL-1 antagonists. 



15 BArKflROIINn OF THE INVENTION 

In^Ieukin IB (IL-IB) is a 17.5 JcDa polypeptide hormone synthesized and secreted 
by stimulated monocytes. The initial translation product of IL-IB is a lai:ger 31 kDa 
biologically inactive precursor polypeptide. The N-terminus of biologically active, mature 
IL-IB derived from human activated monocytes has been characterized by an N-terminal 

20 amino acid sequence beginning with Ala-Pro. See, for example, European Patent 
Application EP-A-01 65654 and March et al. Nature (London) 315: 641-47 (1985) for 
sequence infcmatibn of human IL- IB. 

Hie N-temoinal Ala residue of human mature IL- IB is in the 117 posidon and an 
Asp residue is in die 1 16 position counting from die N-terminus of human precursor IL- 1 B ' 

25 polypeptide. Mature IL^-IB consists of the C-temmnal 153 residues of the precursor 
polypeptide. 

Maturation and release of mature IL-lfi from macrophages does not proceed by 
conventional means normally associated with most secretory proteins, because die 
precursor IL-16 polypeptide lacks a hydrophobic signal sequence. Further, IL-IB is not 

30 associated with a membrane-bound compartment in monocytes. (Singer et al. J. Exp. Med. 
167:389-407 (1988)). Most secretory proteins are characterized by the presence of a 
hydrophobic stretch of amino acids called a signal sequence. The signal sequence directs 
the translocation of the protein across the membrane of the endoplasmic reticulum during 
protein synthesis. The protein is subsequently ushered out of the cell via exocytosis. Most 

35 secreted proteins have a signal sequence at the amino terminal that is removed upon 

translocation. Other proteins, such as ovalbumin, have an internal signal sequence that is 
not removed upcm translocation. Both }»ecursar forms of IL-la and IL-IB (March et al.) 
lack any region (either ammo teiminal or internal) with sufficient hydrophobidty and length 
to qualify as a signal sequence. 
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A fiirlfaer indication of an unusual n)ataiati(Mi pathway for IL-IB is the absence of a 
pair o£ basic amino acids near the N-terminus of the nsiatuie polypq)tide. The amino add 
sequence Tyr-Val-His-Asp- precedes the N-tenninal Ala-Pro of tiie mature human IL- IB 
polypeptide. MoreovCT, Young et al. /. Cell Bio. 107:447-56 (1988) found that fibroblasts 
5 transfected wift cDNA coding for precursor IL-IB were unable to process the precursor 
polypeptide into mature IL-16. Instead, tiie transfected fibroblasts produced high levels of 
inactive precursor polypeptide. The results reported by Young ct al. are consistent with 
other reports fcsr other cell types, including T cells, epidermal cells and B cells. 

Hazuda et al. J. Biol. Chem. 263:8473-79 (1988) have reported diat both the 

10 precursor and mature forms of IL-IB appear in the supematants of activated monocytes 
with little or no preference. Hazuda et aL suggest that IL-IB processing is "intimatBly 
coordinated" with secretion. 

Hiere have been several attempts to diaracterize or isolate the system responsible 
for processing IL-IB fiom its translated precursor form to its active mature form. Black et 

15 al. /. Biol. Chan. "iJSi-Myi-Al (1988) [Black et al. I] suggests that the cleavage pattern of 
precursor IL-IB is effected by myeloid cell membranes and results fix)m the action of a 
plurality of proteases which act as an IL-IB processing system. A subsequrait article by 
Black et al, /. Biol. Chem. 264:5323-26 (1989) [Black et al. H] describes a single protease 
that cleaves IL-IB between His 1 15 and Asp 116, one residue upstream form the the N- 

20 terminal Alal 17 of mature IL-IB. Thus, the protease described in Black et al. H generates a 
form of IL-16 one amino acid longer than the mature IL-ip purified fiom monocyte 
cultures. Black et al. II suggests that there may be an aminopeptidase in hiraian blood that 
removes the N-taminal aspartate residue to complete the processing. 

Kostura et al. Proc. Nat Acad Sci. USA 86:5227-31 (July, 1989) refers to a 

25 protease with a similar cleavage pattern but "qualitatively different" from the protease 

described in Black et al. n. The Kostura et al. protease is characterized as bdng located in 
cy tosol of monocytic cells. However, Kostura et aL did not further define or isolate the 
responsible polypeptide. 

Finally, Black et al. FEBS Lett. 247:386-90 (April, 1989) [Black et al. HI] refers to 

30 a protease that generates mature IL-lB rom fee precursor polypeptide and is characterized 
by being inhibited by iodoacetate and N-ethyhnaleimide. Black et al. m attempted to purify 
their protease approximately 5(X) fold by a process starting by fi:eeze-thawing cell lysates 
from THP-1 cells (ATCC) four times. Black et aL m centiifuged the lysates for 20 min at 
36,590 X g. The supernatant was applied to a DEAE- Sephacel column equilibrated with 

35 10 mM Tiis-HCl (pH 8.1) and 5 mM didiiothreitol. The protease was eluted with 80-140 
mM NaCL The eluted material was diluted 1:5 witii a buffer of 10 mM Tris-HCl (pH 8. 1) 
and 5 mM ditfaiothieitol and applied to a prodon red agarose column. The protease was 
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eluted with 0.5-0.8 M NaQ, concentrated 20-fold in a Centriprep-10 concentrator, and 
then subjected to gel filtration with Sephadex G-75. This procedure described in Black et 
aL in failed to demonstrate whether the protease activity was due to a single polypeptide or 
a group of processing enzymes. 
5 Therefore, there is a need in the art to obtain the isolated system or single protease 

polypeptide responsible for processing precursor IL-IB into its mature and biologically 
active form. The protease functions as an IL-1 agonist to increase lL-1 biological activity 
in vivo. Moreover, the isolated protease will be useful for improving wound healing, 
tieatmg arthritis, and treating or preventing the onset of autoimmune diseases, such as 

10 insulin dependent diabetes melims, lupus disorders, Graves' disease, Hashimotos disease, 
and the detrimental side effects of radiation treatment 

FurthCT, isolation and characterization of the protease responsible for processing 
precursor IL-16 into its biologically active form will aid in designing inhibitors for IL-16 
pixxessing, because the availability of large quantities of IL-IB pro will serve as a useful 

15 screening vehicle for finding compounds having IL-1 antagonist activity. Such IL-1 
antagonists or IL-16 pro inhibitore should be useful for treating inflammation and 
transplantation rejection. 

Otiier protease inhibitcnrs have been described (for example, U.S. Patents 
4,644,055, 4,636,492 and 4,652,552). However, protease inhibitors tend to be specific 

20 for the protease they inhibit by having a chemical structure that mimics the substrate of a 
protease. Thus, nraie of the previously-described protease inhibitors would be expected to 
inhibit IL-IB pro activi^. 

SUMMARY OF THE T1WENTTON 

25 The present invention is directed to an isolated polypeptide having proteolytic 

activity for a specific protease cleavage site, wherein the protease activity is specific for a 
substrate peptide having an amino acid sequence comprising: 
Rl -Asp - R2 - R3 

wherein Ri and R3 are independentiy any D or L isomer amino acid, R2 is Ala or Gly, and 
30 wherein the specific protease cleavage site is between Asp and R2. Preferably, the 

substrate peptide is at least dght amino acids in length. The isolated polypeptide is called 
tiie intMieuIdn 16 protease (JL-1& pro) because it cleaves precursor E^16 polypeptide to 
yidd mature IL-IB polypq)tide at a clcava^ site between the Asp 116 and Ala 1 17 
residues. This region of precursor IL-IB corresponds to a spedes within the genus of 
35 protease cleavage sites described herein. 

IL-IB pro is further characterized by a cDNA and amino add sequence in Figure 1 
(Sequence LD. No. 2). Full lengtfi (precursor) IL-IB pro comprises 404 amino adds. 
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Purified IUfi pro begins with the Asn Pro Ala Met Pro sequence beginning with amino 
acid 120. Based upon a molecular weigjit analysis, the approximate C-tenninus of mature 
IL-lfi pro is about amino add 297. However, molecular weight determination indicates 
that the C-terminns of the mature IL-lfi pro eazyxns is from about amino acid 278 to about 
5 amino add 315. The present invention comprises an isolated IL-IB pro polypeptide or a 
derivative, analog, or aflelic variant ±creo£ disfplaying IL-IB pro biological activity 
comprising proteolytically cleaving humm precursor IL-16 polypeptide at a cleavage site 
between the Asp 1 16 and Ala 1 17 residues. 

Figure 1 also shows a nucleotide sequence encoding a 404 amino acid polypeptide 
10 having IL-IB pro biological activity. The present invention further comprises an isolated 
DNA sequence encoding IL-16 pro or a derivative, analog or allelic variant thereof 
displaying biological activity to proteolytically cleave human precursor IL-16 polypeptide at 
a cleavage site between the Asp 116and Ala 117 residues. The isolated DNA sequence is 
selected ftom the group consisting of the nucleotide sequences in Figure 1 beginning at 
15 nucleotide 1 and extending to nucleotide 1232, beginning at nudeotide 374 and extending 
to nucleotide 1232, beginning at nucleotide 374 and extending to a nudeotide fiom about 
851 to about 962, DNA sequences which detectably hybridize to the Figure 1 sequence 
fiom nucleotide 1 to nudeotide 1232 and encode a polypeptide displaying biological 
activity to proteolytically cleave human precursor IL-IB polypq)tide at a cleavage site 
20 between die Asp 1 16 and Ala 1 17 residues, and DNA sequences which, due to degeneracy 
of the genetic code, encode a mammalian IL-16 pro polypeptide encoded by any of die 
foregoing DNA inserts and sequences. 

The present invention further comprises a recombinant expression vector 
comprising an isolated DNA sequence as described herein and a host cell which con^ses 
25 die recombinant expression vector. 

The present invention provides substituted peptide inhibitor compounds comprising 
an amino add sequence of fiom 1 to about 5 amino acids, having an N-tenninai protecting 
group and a C-temrinal Asp residue connected to an electronegative leaving group. 
Preferably, tiie amino add sequence corresponds to at least a portion of the amino acid 
30 sequence Ala-Tyr-Val-His-Asp. 

The inhibitor compounds of the present invention have the foimula: 
Z-Q2-ASP-Q1 

where Z is an N-terminal protecting group; Q2 is 0 to 4 amino adds such tiiat the sequence 
Q2-Asp corresponds to at least a portion of the sequence Ala-Tyr-Val-His-Asp, residues 
35 1 12 to 116 of sequence listing I.D. No. 2; and Qj comprises an electronegative leaving 
group. Z is preferably Ci-Cg alkylketone, benzyl, acetyl, alkoxycarbonyl. 
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benzyloxycarbonyl or Ci-Cg alkylcarbonyl. More preferably, Z is t-butoxycarbonyl (t- 
Boc), acetyl carbonyl or benzyloxycarbonyl (Cbz). 

Ql is preferably C1-C3 alkyl, an aldehy^, diazcMneihyl ketone or halomethyl 
keK>ne. More preferably, Qi is an aldehyde or fluannnediyl ketone. 
5 The present invention further provides reverable and ineversiblell^l^ 

inhibittffs. inevennble inhibitois are inhibi&n- compounds cotipisiag an amino add 
sequence of fi»m 1 to about 5 amino adds having an N-termimd protecting group and a C- 
tenmnal Asp residue connected to a diazomethyl ketone or a hatometfayl ketone, wherdn 
the amino add sequence corresponds to at least a portion of Ae sequence Ala-Tyr- Val-His- 
10 Asp, residues 112 to 116 of sequence listing LD. No. 1. 

Reversible IL-IB inhibitors are compounds comprising an amino add sequence of 
fh)m 1 to about 5 amino acids having an N-terminal protecting group and a C-terminal Asp 
residue connected to an aldehyde moiety, wherein the amino add sequence corresponds to 
at least a portion of the sequence Ala-Tyr-Val-His-Asp, residues 112 to 116 of sequence 
15 listing IB. No. 1. 

The present invention also provides a method of inhibiting the physiological actions 
of interleukin 16 in a mammal in need of such treatment, comptising administering to said 
mammal an effective amount of a compound of the formula: 
Z<^-Asp-Qi 

20 where Z is an N-terminal protecting groiip; Q2 is 0 to 4 amino acids such that fee sequence 
Ql2-Asp ccnresponds to at least a portion of tiie sequence Ala-Tyr-Val-HisrAsp, residues 
1 12 to 116 of sequence listing LD. No. 2; and Qi conaprises an electronegative leaving 
group. 

In a preferred embodiment, Qi is a fluoromethyl ketone and inhibition is 
25 irreversible. In anotiier preferred embodiment, Qi is an aldehyde moiety and inhibition is 
reversible. 

The present invention still furtiier provides a pharmaceutical composition 
comprising a physiologically acceptable carrier and a compound comprising an amino add 
sequence of from 1 to about 5 amino adds having an N-ienninal protecting group and a C- 

30 terminal Asp residue connected to an electronegative leaving group, wherdn said amino 
add sequence corresponds to at least a portion of the sequence Ala-Tyr-Val-His-Asp, 
residues 112 to 116 of sequence listing LD. No. 1. 

The present invention still further provides a metiiod of treating inflammation 
assodated with autoinomune disease in a mammal in need of such treatment comprising 

35 administering to smduMmmal an effective anti-inflanmiatory amount of a compound 

comprtsing an amino acid sequence of 60m 1 to about 5 amino adds having an N-terminal 
protecting group and a C-terminal Asp residue connected to an electronegative leaving 
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group, who-ein said amino acid sequence consspcHids to at least a pardon of the sequence 
Ala-Tyr-Val-Ifis-Asp, residues 1 12 to 116 of sequence listing I.D. No. 1. 

The present inventicm further comprises antisense oligonucleotides that coire^nd 
to a sequence or andsense sequence of at least IS nudeoddes selected from the nucleotide 

5 sequence of Sequence ID No. 2 (Figure 1). 

The present invoition further coniqnises a method for treating arduitis, a mediod for 
treating an autoimmune disease in a susceptible individual, a noethod for improving wound 
healing, and a method for reducing the detrimental side effects of radiation treatment. All 
of the methods comprise administering a thCTapeutically effective amount of an isolated IL- 

0 IB protease or a biologically active derivative thereof in a suitable pharmaceutical carrier. 

BRIEF DESCRTPTTON OF THF DRAWTNf^ 

Figure 1 shows the DNA and corresponding amino acid sequence for a polypeptide 
having IL-IB pro biological activity and corresponding to human mature IL-IB pro or a 
5 biologically active fiagment thereof. 

DETAILED DESCRTPTTON OF THE INVRNTTON 

Utifi2dng polymerase chain reaction (PGR) techniques, we have isolated, purified, 
characterized, and expressed a mammalian IL-16 pro polypeptide and active fragments 

0 thereof. The availability of abundant quantities of a recombinant IL-16 pro enzyme has 
further allowed us to find inhibitor compounds capable of inhibiting IL- 1 B pro activity and 
thereby function as IL-1 antagonists. Further, use of IL-IB pro has IL-1 agonist activity. 
Thus, the invention relates to mammalian IL-IB pro polypeptides, derivatives, analogs and 
allelic variants thereof having proteolytic activity for a substrate peptide having an amino 

5 add sequence con^sing: 

RI-ASP-R2-R3 

wherein Ri and R3 are independendy any D or L isomra: amino add, R2 is Ala or Gly, and 
whwein die specific protease cleavage site is between Asp and R2. Preferably, die 
substrate pq>tide is at least eight amino adds in lengdi. Most preferably, R2 is Gly. 

0 Mammalian IL-lfi pro is preferably a human IL-16 pro and has substrate specifidty for a 
substrate peptide having the amino add sequence described herein. Preferably, the human 
II^IB pro polypeptide or derivative thereof is a polypeptide having biological activity that 
cleaves human precureor IL-IB polypeptide to yield human mature IL-IB polypeptide. 

IL-IB pro is further charac^ized by the cDNA and amino acid sequence in Figure 1 

5 (Sequence ID. No. 2). Full lengdi (precursor) IL-IB pro comprises 404 amino acids. 
Purified IL-IB pro begins with the Asn fto Ala Met Pro sequence beginning with amino 
add 120. Based tipon a molecular weight analysis, the approximate C-tetminus of mature 
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IL-IB pro is about amino acid 297. However, the molecular weight determination indicates 
that the C-terminus of the mature enzyme is from about amino add 278 to about amino acid 
315. The present invention comprises an isolated IL-lfi pro polypeptide or a derivative, 
analog, or allelic variant thereof displaying biological activity coinprising proteolytically 
5 cleaving human precursor IL-lfi polypeptide at a cleavage site between the Asp 116 and Ala 
1 17 residues. The present invention comprises an isolated IL-lfi pro polypeptide or a 
draivative, analog, or allelic variant tiieteof displaying biological activity comprising 
proteolytically cleaving human precursor IL-IB polypeptide at a cleavage site between the 
Asp 116 and Ala 1 17 residues. Fcm: the purposes of this application, the term "XL- IB pro" 
10 shall encompass the amino add sequence shown in Figure 1, plus all allelic variants, 
derivatives, anabgs and fiagments of this sequence tiiat display IL-lfi pro biological 
activity. 

IL-IB pro biological activity is determined, for example, by assaying for IL-1 
activity with a precursor IL-16 polypeptide. Precursor IL-16 is inactive, while mature IL- 

15 IB is an active IL-1 polypeptide. A mediod for measuring EL-lB pro activity is described in 
Black et aL H. Briefly, tiiis metiiod provides approximately five microliters of precursor 
IL-lfi (pIL-lfi) (10-50 |xg/ml prepared as described in Black et al. I) incubated with 10 \il 
of IL-lfi pro polypeptide or anotiier substance suspected of having IL-lfi pro biological 
activity. The incubation proceeds for approximately one hour at approximately 37°C and is 

20 terminated by aAiition of 15 pi of 2 X SDS sample buffer followed by boiling for five 
minutes. The boiled sample is electtophoresed on a SDFS-polyactylamide gel and placed 
onto a Western blot using an IL-lfi C-tenninal-specific monoclcHial antibody, such as 16F5 
described in Black et aL I. 

Figure 1 also shows a nucleotide sequence encoding a 404 amino acid sequence 

25 having IL-IB pro biological activity. The present invention further comprises an isolated 
DNA sequence encoding IL-lfi pro or a derivative, analog or allelic variant thereof 
displaying biological activity to proteolytically deave human precursor IL-IB polypeptide at 
a cleavage site between the Asp 1 16 and Ala 1 17 residues. The isolated DNA sequence is 
selected from the group con^ting of die nucleotide sequences in Figure 1 beginning at 

30 nucleotide 1 and extending to nucleotide 1232, beginning at nudeotide 374 and extending 
to nucleotide 1232, beginning at nucleotide 374 and extending to a nudeotide ficom about 
851 to about 962, DNA sequences which detectably hybridize to tiie Figure 1 sequence 
fiom nucleotide 1 to nudeotide 1232 and encode a polypeptide displaying biological 
activity to proteolytically cleave human precursor IL-lfi polypeptide at a cleavage site 

35 between tiie Asp 1 16 and Ala 1 17 residues, and DNA sequences which, due to degeneracy 
of die genetic code, encode a mammalian BL^IB pro polypeptide encoded by any of tiie 
foregoing DNA insots and sequences. 
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Inventive DNA sequences that detectably hybridize to the Figure 1 nucleotide 
sequraice from nucleotide 1 to nucleotide 856, hybridize under conditicms of high or severe 
stringency. Severe or high stringracy conditions conpise,fiare!cample,oveinight 
hybridization at about 68'C in a 6 X SSC SQlution followed by washing at about 68*C in a 
5 0.6 X SSC solution. 

Hie inhibitor compounds of the present invention are substituted compounds 
comprising an amino acid sequence of from 1 to about 5 amino acid residues having an N- 
terminal blocking group and a C-tCTminal Asp residue connected to an electronegative leaving 
group, wherein the amino acid sequence corresponds to at least a portion of tiie sequence Ala- 
10 Tyr-Val-His-Aq), which sequence represents the sequence of residues 1 12 to 1 16 of precursor 
IL-IB. 

The amino acid sequence of precursor IL-16 is presented in sequence listing LD. No. 2 
talcMi from March et al., Natwre, 315:641-647 (1985). Mature IL-IB is represented by the C- 
temnnal 153 amino add residues of precursor IL-IB. Thus, tiie N-tetminal of IL-IB is the Ala 
15 residue at position 117 of sequence listing IJD. No. 1. 

The naturally occurring amino acids are the L isomers and are so indicated without any 
isomeric (e.g., L or D) designation. The D isomers are so indicated. 

As used herein, the phrase "corresponds to" means that a particular sequence may differ 
from the disclosed sequence by one or more conservative substitutions so long as such 
20 substiuitions do not materially alto- tiie inhibitory activity of tiie compounds of flie present 
invention. 

Examples of substitutions that do not materially alter inhibitory activity are replacement 
of tiie Ala at position 1 12 of sequence listing LD. No. 1 wifli Sct or Giy; replacement of the Tyr 
at position 113 of sequence listing LD. No. 1 witii Phe; leplacranent of tiie Val at position 1 14 
25 of sequence listicng LD. No. 1 witii Leu, Be or Met and replacement of tiie His at position 115 
of sequence listing LD. No. 1 with Hie, Pro, a positively charged amino add such as Lys, 
Arg, His or Tyr, or tiie use of D isomers. 

The C-terminal amino add residue of the coinpounds of tiie present invention is aspartic 
add (Asp). Asp has a side chain of tile formula CH2-C!0QH. Preferably, the Asp side chain 
30 carboxyl group is protected to fadlitate syntiiesis of flie compounds of tiie present invention. 

Asp side chain protection groups include, for example, a benzyl, substituted benzyl, 
f onnyl metiiyl or t-butyl moiety. The benzyl substituents increase tiie acid lability of tiie Asp 
side chain protecting moiety. Exemplary substiti^ benzyls are 2,4,6-trimetiiyl benzyl and 4- 
metiioxybenzyl. 

35 In a preferred embodiment, tiie Asp side chain protecting moiety is connected to tiie Asp 

side chain via an ester linkage, which linkage is subject to cleavage by naturally occurring 
intracellular esterase eiugrmes. In this way, die protected Asp witii high lipid solubility gains 
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access to a cell and is cleaved by an esterase to yield a charged, water soluble deprotected Asp 
that remains in the cytoplasm where IL-IB pro is predominandy located. 

As used herein, the phrase "N-tenmnal blocking group" refers to chemical groups 
attached to the amino group of the N-teiminal amino add residue of the sequences of the present 
5 invention. Such blocking groups are well known and readily apparent to those of skill in the 
art. The Peptides, ed, by Gross and Meienhofer, Academic Press, New Yoik, pp. 3-81 
(1981), N-terminal blocking groups have been utilized with other types of protease inhibitors. 
See. e.p.. U.S. Patent Nos. 4,652,552 and 4,636,492. 

As used herein, the phrase "electronegative leaving group" refras to chemical groups 
10 sascq)tible to nucleophilic attack by an amino add readue in the enzyme active site, thus 
modifying IL-IB pro such that 1L-1& pro cannot interact with and cleave precursor IL-IB. 

The inhibitor compounds of the present invention inhibit die catalytic activity of IL-lfi 
pro in a reversible or an irreversible fashion. As used herein, "irreversible" means the 
formation of a covalent bond between the enzyme and the inhibitor. 
15 The reversibility of IL- IB pro activity is a function of the electronegative leaving group. 

When ±e electronegative leaving group is a diazoalkyl ketone, tiie inhibition of IL-IB pro is 
irreversible and die compound is an irreversible inhibiftM:. When the electronegative leaving 
group is an aldehyde, tiie inhibition of IL-IB pro is reversible and the compound is a reversible 
inhibitor. 

20 The inhibitor compounds of the present invention have the fomnila: 

Z-Q2-Asp-Qi 

where Z is an N-tenninal blocking group; Q2 is 0 to about 4 amino acids such that the sequence 
Q2-ASP conesponds to at least a portion of the sequence Ala-Tyr-Val-His-Asp, residues 112 to 
116 of sequence listing I.D. No. 1; and Qi is an electronegative leaving group. 
25 In a preferred embodiment, Z is Ci-Cg alkyl, benzyl, acetyl, Ci-Cg alkoxycarbonyl, 

benzyloxycarbonyl or Ci-Cg alkyl carbonyl. As used herein, "alkyl" refers to linear or 
branched chains having 1 to 6 carbon atoms, which may be optionally substimted as herein 
defined. Representative alkyl groups include metiiyl, etiiyl, propyl, isopropyl, butyl, pentyL 
hexyl and tiie like. In a tocxc preferred embodiment, Z is t-butoxycarbonyl (t-Boc), acetyl or 
30 benzyloJiycarbonyl (Cbz). 

Q2 is preferably 1 amino acid. Preferably Q2 is His, Phe, Pro, or Tyr. Most 
preferably, Q2 is His or Phe. 

Ql is preferably an aldehyde, a diazoalkyl kcstone or a haloalkyl ketone. As used herein 
in reference to electrxMiegative leaving groups, "alkyl" refers to linear or branched chain radicals 
having 1 to 3 carbon atoms, which may be optionally substimted as herein defined. 
Repi^entative alkyl groups include mediyl, efliyl, pKf»yl and the like. More preferably, Qi is 
an aldehyde or fluoromethyl (CH2F) ketone. 
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The inhibitor compounds of the present invention are made by techniques geneially 
conBsponding to metfjods known and readily apparent to those of skill in the ait See, e.g.. 
Kettner, C.A. et al.. Arch. Biochem. Bionhvs.. 162:56 (1974); U.S. Patent No. 4,582,821; 
U.S. Patent No. 4,644,055; Kettner, CJi. et al.. Arch. Biochem. Binnhvs.. 165:739 (1974); 
5 Dakin, HX>. and West, R., I giol. Ch^„ 78:91 (1928); Rasnick, D.. Anal. Biochem.. 
149:461 (1985). 

Inhibitor compounds having a fluoramethyl dectranegative leaving group are preferably 
synthesized by the Rasnick procedure. 

Inhibitor compounds having a non-fluoro, haloalkyl tetone electronegative leaving 

10 group are synthesized in accordance with die Kettner procedure. An N-blocked amino acid or 
peptide is reacted with N-methyhnorpholine and an alkyl, non-fluoro haloformate to generate a 
peptide-add anhydride. The anhydride is then reacted with a diazoalkane in an inert, aprotonic 
solvent to form a peptide-diazomeifaane ketone. The diazomethane ketone is then reacted with 
an anhydrous solution of HQ, HBr or HI to produce the desired N-blocked, C-terminal 

15 haloalig^l ketone peptide or amino acuL 

inhibitor compounds having a flucffoalkyl ketone electronegative leaving group are 
synthesized in accordance with a Rasmck procedure. An N-blocked peptide is reacted with 
fluoroacetu; anhydride and a trialkylamine in an organic solvent to form a peptide-anhydiide. 
The anhydride is then reacted with a catalyst such as 4-dinKthylaminopyridine and the reaction 

20 mixmie maintained at about 25* C for about two hours to allow for CO2 evolution. The 
reaction mixture is then extracted with an organic solvent and the organic phase washed and 
dried. The organic solvent is removed to form an oil, which is then applied to a silica gel 
column. The N-blocked, fluoroalkyl ketone peptide is tiien eluted from die gel and purified. 
MaialUx con^x>unds having a fluoroalkyl ketone electronegative leaving group can be 

25 ^tended in Ac N-temdnus direction by removing the N-terminal blocking group and coupling 
the deprotected compound with other protected amino adds. Bodanszky, The Practice of 
Peptide Synthesis, Spring^-VCTlag, Berlin (1984). Alternatively, deprotected compounds are 
acetylated to yiekl compounds having an N-terminal aceQrl protecting group. Stewart et al., 
Solid Phase Peptide Syntiiesis, Pierce Chemical Co., Rockfoid, IL. (1984). 

30 The inhibitor compounds of the present invention are usefid in inhibiting die 

physiological actions of interleukin IB by jireventing formation (tf biologically active IL-IB. 
The inhibition of IL-IB pro results in a decrease in active IL-IB levels and a concomitant 
increase in precursor IL-16, which compound is biologically inactive. 

The inhibitor compounds of the present invention are also use&l in treating 

35 dysfunctional states, such as autoimmnne disease-assodated inflammation, ofiten mediated by 
increased IL-1 activity. 
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Mammals needing treatment for an inflammatoty disorder or prevention of an 
autoimmune condition arc administered effective amounts of the ccnnpounds of this invention 
eidier alone or in the form of a pharmaceutical composition. 

Pharmaceutical compositions of tiie present invention comprise physiologically 
5 acceptable carriers and con^unds comprising amino add sequences of fitom 1 to about 5 
amino adds having an N-teraiinal bloddng group and a C-taminal Asp residue connected to an 
electronegative leaving group, wheidn said amino add sequence corresponds to tiie sequence 
Ala-Tyr-Val-His-Asp, residues 112 to 116 of sequence listing LD. No. 1. 

Antisense oligonucleotides can be synthesized (by conventional phosphodiestCT 

10 techn^ues such as by Syntiiecell, RockviUe, MD) that are complementary to unique 

spedes-specific coding regions of mRNA for IL-16 pro. Examples of such regions include 
regions of at least 18 bases at the initiation codon (TACCGGCTGTrCCAGGAC or 
TACCTATTCTGGGCrCGA) complementaiy to bases 18-36 and 168 to 196, respecnvdy 
in Figure 1, at tiie N-terminus of mamre IL-16 pro (TTGGGTCGATACGGGTGT) 

15 complementary to bases 374 to 392 in Figure 1, at the approximate C terminus after 

protease cleavage (CACCACACXlAAA'nTCrA) complementaiy to bases 890 to 908 in 
Figure 1, or at a region immediately 5' to die teimination codon 
(ATCGAGAAGGGTCCTGTA) complementary to bases 1205 to 1229 in Figure 1. 

The primary amino acid structure of E^IB pro or its active fragment tiiereof may be 

20 modified by forming covalent or aggregative conjugates with other chenrical moieties, such 
as gjycosyl groups, lipids, phosphate, acetyl groups and tiie like, or by creating amino acid 
sequfflice mutants or derivatives. Covalent derivatives of IL-16 pro are prepared by linking 
particular functional groups to IL-IB pro amino add side chains or at the N-terminus or C- 
terminus of tiie IL-16 pro polypeptide. Otiier derivatives of IL-16 pro within tiie scope of 

25 tins invention include covalent or aggregative conjugates of IL-16 pro or its fragments with 
otiier proteins or polypeptides, such as by syntiiesis in recombinant culture as N-terminal 
or C-terminal fusions. For example, tiie conjugated polypeptide may be a signal (or leader) 
polypeptide sequence at tiie N-traminal region of the IL-16 pro polypeptide which co- 
translationally or post-translationally directs transfer of tiie IL-IB pro polypeptide from its 

30 site of syntiiesis to a ate inside or outside of flie cell membrane or wall (e.g., tiie yeast a- 
factor leader). IL-IB pro polypeptide fusions can conpise polypeptides added to facilitate 
purification and identification of IL-IB pro (e.g., poly-His). Furtiier, die ammo add 
sequence of IL-IB pro can be linked to die pepMc Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys 
(Hopp et al. Bio/Technology 6: 1204 1988), which is a highly antigenic sequence and 

35 provides an epitope reversibly bound by a specific monoclonal antibody to enable rapid 
assay and fadle purification of tiie expressed recombinant polypeptide. This specific leader 
sequence is deaved by bovine mucosal enterddnase at tiie residue immediately following 
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the Asp-Lys pairing. Moreover, fuaon polypeptides having this leader sequence at its N- 
tenninal may be lesistant to degradation in £. coU h<»t cells. 

The presait invoition furtho: includes IL-IB pro polypqjtides with or without 
associated native-pattern gjycosylation. IL-lfi pro eqaessed in yeast or maTnin^lifln 
5 expression ^sterns (e.g., COS-7 cells) may be similar or significantly different in 

molecular weight and glycosylation pattern than die native human IL-IB pro polypeptide. 
This depends upon the choice of eacpressian system. Expression of IL-16 pro polypeptides 
in bacterial expression systems, such as E. coli, provides non-glycosylated molecules. 

Functional mutant analogs of human IL-IB pro can be synthesi2Bd, for example, 
10 with inactivated N-glycosylation sites by oligonucleotide synthesis and ligation or by site- 
specific mutagenesis techniques. The IL-IB pro derivatives can be expressed in 
homogeneous, reduced carbohydrate form udng yeast expression systems. N- 
glycosylaticMi sites in eukaiyotic pdypepti^s are chaFacterized by an amino acid triplet 
Asn-O-n where O is any amino add except Pro and Q is Ser or Tfar. In this sequence, 
15 catt>ohydrate residues are covalently attached at die AsD side chain. 

IL-IB pro analogs or derivatives may also be obtained by mutations of the IL- IB 
pro DNA sequence. An IL-IB pro nautant derivative, as referred to herein, is a polypeptide 
substantially homologous to IL-IB pro but which has an amino acid sequence different 
from native IL-16 pro because of a deletion, insertion or snbstimtion. 
20 IL-IB pro is expressed from amammalian gene, presumably encoded by one or 

more multi-exon genes. The present invention finther includes alternative mRNA 
constmcts which can be attributed to different mRNA splicing events following 
transcription, and which share regions of identity or similarity with the cDNA's disclosed 
herein. 

25 Bioequivalent analogs of IHB pro polypeptides (defined as polypeptides having 

IL-16 pro biological activity) may be constructed, for example, by making various 
substimtions of amino acid residues or sequences, or by deleting terminal or internal 
residues or sequences not needed for biological activity. For exanq)le, Cys residues can be 
deleted or replaced with other amiiK> adds to prevent formation of inconect intramolecular 

30 disulfide bridges upon renatoiation. OdieriQ)pFoaches to mutagenesis involve modification 
of dibasic amino add residues to enhance expression in yeast systrans in which KEX2 
protease activity is present. Genraally, substitutions are made conservatively by 
substituting an amino add having physiochemical characteristics resembling those of the 
replaced residue. Further substitutions may be made outside of the "core" sequence needed 

35 for IL-16 pro biological activity. Subunits of IL-IB pro may be constracted by deleting 
terminal or internal residues or sequences. The resulting polypqitide shtHjld have IL-16 
pro biological activity as defined herdn. 
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The tenns "IL-16 pro", "human IL-IB pro" or "IL-16 protease" include, but are not 
limited to, analogs or subunits of IL-IB pro which are substantially similar to human IL-16 
pro and/or wMdi exhibit die substrate-specific proteolytic biological activity associated with 
IL-lfi pro as described hodn. 
5 The term "substantiaUy similar", when used to describe amino acid sequences, 

means that a particnlar sequence may vary finrn a disdosed rrfeience sequence by one or 
more substitutions, deletions, or additions. However, the net e£fect is the same protease 
biological activity characteristic of the reference human Dl^lB pro polypeptide as 
detomined by a Western gel assay. A substantially similar human IL-IB pro polypeptide, 

10 for example, can have a truncated sequence comprising a "core region" of a sequence of 
amino adds necessary for the specific protease biological activity characteristic of IL- 16 
pro. SubstantiaUy similar IL-16 pro derivatives will be greater than about 30% similar to 
the conesponding sequence of human IL-16 pro and have IL-16 pro biological activity. 
Polypeptides having amino add sequences of lesser degrees of similarity but comparable 

15 biological activity (including substrate specificity) are considered to be equivalents. More 
preferably, the derivative polypeptides will have greater than 80% amino add sequence 
homology tt) human IL-IB pro polypeptide. Percoit similarity may be determined, for 
example, by axnpeamg sequence information using a GAP ccnnputer program, version 
6.0, available fiom University of Wisconsin Genetics Computer Group. The GAP 

20 program uses the aligiunent method of Needleman and Wunsch (/. Mol. Biol 48:443 
1970), as revised by Smifli and Waterman (Adv. AppL Math 2:482 1981). Briefly, the 
GAP program d^ines similarity as the number of aligned symbols which are similar, 
divided by the total number of symbols in die shorter of the two sequences. The preferred 
default parameters for the GAP program include: (1) a weighted comparison matrix for 

25 amino adds (see, Schwartz and Dayhoff, eds. Atlas of Protein Sequence and Structure, 
National Biomedical Research Foundation, pp. 353-58 1979); (2) a penalty of 3.0 for each 
gap and an additional 0.10 penalty for each symbol ui each gap; and (3) no penalty for end 
gaps. 

"Biologically active", as used herein, refers to IL-16 pro biological activity to cleave 
30 a particular ammo add sequence at die peptide b<Hid between an Asp residue and an Ala or 
Gly residue. 

"Recombinant", as used herein, means that a polypq)tide is derived from 
recombmant (e.g., microbial or mammalian) expression systems. "Microbial" refers to 
bacteiial or fungal (e.g., yeast) expression systems. As a product, "recombinant 
35 micrdiial" defines a polypeptide produced in a microbial expression system which is 
substantially free of native endogenous substances. Polypeptides expressed in most 
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bacterial expression systems (e.g., E. coli) will be fiee of glycan. Polypeptides ejqjressed 
ia yeast may have a glycosylaticHi pattern differrat ftom that ejqpressed in msr yirnalian cells. 

Hie IL-lfi pro protease has a highly restricted substrate specificity. Human 
precursor IL^IB polypeptide lias an amino add sequence His-Asp-AIa-Pro for residues 
5 115-118. Human IL-IB pro cleaves this sequence between residues 116 and 117 (Asp- 
Ala) to form human mature IL-lfi polypeptide. Changing Asp-116 to Ala in a human 
precursor IL-IB polypeptide by site-directed mutagenesis prevrnted cleavage of the mutant 
IL- IB polypeptide derivative. 

Isolated human XL- IB pro was able to cleave at its specific substrate site even when 

10 the tertiary structure of the substrate precursor IL- IB polypeptide was altered by denaturing 
the substrate polypeptide in boiling water. Precursor human IL-16 was denatured by 
boiling a solution of precursor IL-IB for fifteen minutes. Denaturation had little effect on 
the ability of human IL-IB pro to be able to cleave human precursor IL-IB into mature IL- 
IB. Thus, the tertiary structure of the substrate polypeptide does not significantly 

15 contribute to the reaction with the enzyme IL-IB pro. 

IL-16 pro biological acttvi^ was determined by a protease assay. As the IL-IB pro 
enzyme is salt senative, samples having a salt concentration greater than 50mM were 
initially desalted. Samples can be desalted, for exan^le, by applying 100 ^1 of sample to a 
pre-spun 1 ml Biogel F-6DG (Bio-Rad) column, which was equilibrated in 10 mM Tris- 

20 HQ, 5 mM dithiothreitol, pH 8.1, and centrifuguig for 5 min at 1876 X g. The assay was 
conducted by incubating a mixture of five |il (30 ng) of purified human IL-16 precursor 
and 10 id of tiie sample to be tested for IL-16 protease biological activity for 60 min at 
37°C A control sample was similarly incubated to check for endogenous IL-1. The 
control sample mixture contained 5 ^1 of 10 mM Tris-HCl, pH 8.1 and 5 mM dithiothreitol 

25 instead of IL- 16 precureor. The control sanq)te incubations were terminated by addition of 
SDS (sodium dodecyl sulfate) in sample buffo: followed by five min of boiling. 

All incubated assay rruxtures were dectrophoresed on 0.75 mm-tfaick SDS, 14% 
polyaoylamide slaj) gels, using a discontinuous system, such as the one described in 
Laemmli Nature 277:6^ 1970. Western blots were perfiormed following electrophoresis 

30 by transfiaringtiteprotdnsomonitrocdldose(SartQrius) and probing using an 20 ^g/ml 
solution of purified n^lB (X)OH-^terminal-specifK; monoclonal antibody (i,e., 16F5). The 
blot was developed i^ing Horseradish FoDxidase Color Developing Reagent (Bio Rad). 
One himdred ng of purified manire IL-IB was used as a control 17,500 dalton marker on 
die Westem bloL 

35 Human IL-IB pro enzyme was obtained and purified ftirni THP-1 cells obtainable 

ftom die American Type Culmre Collection (ATCQ. Approximately 120 liters of cells 
were cultured and then stimulated for 16 hours with fiposaccharide, hydroxyurea and silica 
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as described in Matsushima Biochemistry 25:3424 1986. The cells were harvested by 
centrifugation, washed in Hanks balanced salt solution, and then recentrifuged. The cells 
were lesuspended in 10 mM Tris-HO, 5 mM ditMothreitol, pH 8.1 at a density of lO^/ml. 
The suspended cells wrae firozen and thawed three times and the lysates stored at -80°C 
5 until fvaiOia: use. Prior to purification, the lysates were thawed and then centrifiiged for 20 
niin at 47,800 Xg at 4''C. The supernatant was taken for further purificadon. Thefireeze- 
thawing procedure repeated four times released over 50% oi the JL-IR pro activity into the 
supernatant Additional fteeze-tfaaws did not increase tiie yield of soluble material. 
The human IL-IS pro polypeptide was purified in a six-step process. AU the 
10 chromatography steps were performed at 4*'C using a Pharmacia I^LC System. DEAE- 
Sephacel, Hydroxyapatite and Blue Agarose gels were pretreated with 0.1% Triton-X-100 
and 10% bovine calf serum to prevent non-specific absotption of proteins to tiie gels. 
Further, the Blue Agarose column was washed with 8M urea to remove any noncovaientiy 
absorbed dye. 

15 1. Approximately 500-600 ml of lysate supernatant was diluted 1 :2 in lOmM Tris- 

HCi and 5mM dithiothreitol, pH 8.1 ("buffer A") to reduce ionic strength of the lysate to 
<20mM. pH was adjusted to 8.1. The diluted lysate supernatant was applied tt> a DEAE- 
Sephacd column (20 x 4.4 cm, Pharmacia Fine CheamcalsX equilibrated witii buffer A. 
The flow rate was 120 ml/hr. The column was washed witii two column volumes of buffer 

20 A and tiien ehited witii a linear gradient (3 column vohmies) ranging fiwm 0 to 300 mM 
NaQ in buffer A. Fifteen ml fractions were collected, analyzed for IL-16 pro activity and 
stored for fiirdier purification. The IL-IB pro activity was elated with between 0.07 and 
O.lSMNaCl. This step removed 79% of the contaminating proteins. The bulk of the 
contaminating proteins eluted betwerai 0.15 and 0.25 M NaCl. This step was further 

25 useful in partially removing endogenous mature IL-IB, which eluted between 0.06 and 
0.1 1 M NaQ, and endogenous precursor IL-IB wiach eluted between 0.12 and 0.18 M 
NaCl. 

2. The pooled active fractions fitjm the DEAE column were diluted in 50 mM 
potassium phosphate buffer, 5 mM dithiothreitol, pH 7.0 ("buffer B"). A 14 x 3 cm 

30 column of hydratyapatite (HA Ultrogd, IBF Biotechnics) was equilibrated with buffer B. 
The diluted fiactions were sqiplied to the equilibrated hydroxycqjatite column at a flow rate 
of 60 ml/hr. The column was washed vidtb 2 column volumes of buffer B and then eluted 
witii a linear gradient (4 column volumes) ranging fiom 50-200 mM potassium phosphate, 
factions were collected as 10 ml volumes, analyzed for IL-IB pro activity, and stored for 

35 fimher purification. IL-IB pro eluted between 0.085 and 0.1 13 M potassium phosphate. 
Forty percent of the contaminating polypq)tides eluied before die protease and 40% eluted 
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later than thepiotease. Further, endogenous mature IL-16 eluted between 0.05 and 0.08 M 
potassium phosphate. 

3. A 20 X 1.6 cm Blue Agarose column (Gibco-BRL) was equilibrated with buffer 
A. Fractions fixm die hydroxyapatite column with activity were diluted 1:3 in buffo- A to 

5 reduce ionic strengdito<30mM. This was necessary in order to allow IL-IB pro to bmd 
to the column. DUuted fractions were jqiplied to die Blue Agarose column at a 30 ml/hr 
rate. Thecolumn was washed with three column volumes of buffer A. The proteins were 
eluted with with five column volumes of a linear gradient ranging from 0. 1 to 1 M NaQ in 
buffer A. Ten ml ftactions were collected, analyzed for IL- IB pro activity and stored for 
10 further purification. IL-16 pro was eluted with 0.5 to 0.68 MNaQ. E.ghty percent of the 
contaminating proteins were removed in this step, witii 20% eluting earlier and the 
remaining ^)% remaining bound to the ccdumq. 

4. A 95 X 2.5 cm Sephadex G-75 column (Pharmacia Fine Chemicals) was 
equilibrated in bufiBsar A and initially calibrated witii ferritin (MW 400,000), ovalbumin 

15 (MW 43,000), soybean trypsin inhihitor (MW 20,000) and DNP-aspartic add (MW 300). 
The Blue Agarose column ficacticms containing protease activity were pooled and 
concentrated on a Centriprep-10 concentrator (Amicon) to a volume of q}proximately 2 ml 
and then applied to the Sephadex G-75 column. Proteins were eluted with buffer A at a 
flow rate of 20 ml/hr. Four ml fractions were collected and the fractions containing 

20 protease activity were pooled for further purification. IL-IB pro activity was eluted with 
between 196 and 220 ml. This position is identical to the elation position of soybean 
trypsin inhibitor, which suggests that human IL-IB pro has a molecular weight of about 
20,000 daltons. This step removed ovct 90% of the contaminating proteins from the 
preparation. Thus, through the Sephadex step, more tiian 99.8% of the starting protein 

25 contaminants have been separated fiom IL-lfi pro. However, PAGE (polyacrylamide gel 
electrophoresis) analysis of tiie firactiixcis stiU revealed several protein bands that did no^ 
correlate with IL-lfi pro bicdogical aaaviiy. 

5. Fractions from the Sephadex column whidi contained protease activity wot 
pooled and the pool was concentrated on pretreated Centriprep 10 Concentrators to a 500 |il 

30 volume. Since protein concentration ofthe Sephadex pool was low (<3(^g^), 
pretreatment of the centtipreps with bovme serum albumin reduced loss of IL-IB pro 
activity during concentration. Extensive washing of the treated centriprcps prior to use 
prevented contamination of samples with albumin. Prctieatment was accomplished by 
centrifiiging 15 ml of 1% bovine serum albumin (BSA) in centriprcps for 30 min, 

35 decanting the remaining solution, and washing with 10 mMTris-HCl. AMonoP5/20 
EPLC chroniatofocussing colunm OPhaniiacia Rne Chemicals) was equiUbrated Avith 25 
mM Tiis-acetate and 5 mM ditiuothrdtol, pH 8.3 buffer. The concentrated scdution was 
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mixed (1:1 v/v) with 500 pi of 25 mM Tris-acetate and 5 mM dithiothreitol, pH 8.3 and 
applied to the Mono P5/20 FPLC column. Proteins were eluted with Polybuffer 
96:Polybuffer 74 (3 :7) pH 5.0 (Pharmacia) at a 15 ml/hr flow rate. One ml fractions were 
collected and analyzed for pH and biolo^cal protease activiQr. Hiis chrcHnatofocusing step 
5 increased the purity of E^IB pro a fiirdier 100 fold and allowed for the visualization of a 
single inotein band that correlated with IL-lfi pro bidogjcal acdvity. E^lfi pro was eluted 
off the chromatofocusing column between pH 6.95 and 6.70. The firacttons were 
concentrated on BSA-pietreated Centiicon 10 Concentrators (Amicon) from 1 pi to 50 pi. 
6. The fractions were subjected to electrophoresis on a polyaoylamide gel 
10 (PAGE), followed by electroblotting onto polyvinyl diflurade membrane paper (PVDF, 
Millipore Immobilin-P®) at 300 mA for 30 min. The PVDF membrane was stained with 
Coomassie Blue. There were five major bands with molecular weights of approximately 
45,000, 43,000, 36,000, 22,000 and 18,000 daltons. Hie 22,000 dalton band correlated 
with IL-IB pro activity and was sequenced. 

15 The N-terminal sequence of the 22,000 dalton band yielded an amino add sequence 

described herein. A mature human IL- IB pro cDNA or an active fragment thereof was 
cloned uang this N-tetminal an±io add sequence and a threo-stage polymerase chain 
reaction (PGR) procedure. In Ac first stage PCR procedure, fully degenerate PGR primers 
were deagned and made from the N-terminal amino acid sequence. The degenerate 

20 primers were used to amplify IL- IB pro-specific sequences from a cDNA library prepared 
from THP-1 cell mRNA. A random primed first strand THP-1 cDNA library was 
constracted according to supplier instructions (Amersham). A mixed oligonucleotide 
primed amplification was carried out according to the procedure described in Lee et al. 
"cDNA Cloning Using Degenerate Primers" in PCR Protocols (Innis, Gelfand, Sninsky 

25 and White eds.) Academic Press, Inc. New York pp. 46-53 1990. Primer #1 was 

designed to cross-hybridize to IL- IB pro DNA (nucleotides 1-17) and contain an EcoRl 
restriction site. Primer #1 (Sequence ID No. 3) had the sequence: 

5'-GTCGAATrCAA(T/C)CCNGCNATGCCNAC-3' 
Primer #2 was designed to cross-hybiidize to IL-IB pro DNA (complementary to 

30 nucleotides 31-47 and contain an Xbal restriction site. Primer *2 (Sequence ID No. 4) had 
the sequence 

5*-GTCTCrAGAAG(T/C)TrNAC(A/G)TrNCC(T/C)TC-3' 
"PCR amplification was perfoimed with ihemm aquatius polymerase (PerMn-Elmer 
Cetus) in lOOpl of bufifer for 30 cycles as described in Lee et al. ir^a. A 63 bp amplified 
35 fragment was obtained fi»m PCR amplification. This amplified fragment was subcloned 
into a pGem-4 vectra- (Promega). DNA sequence analysis of 10 isolates indicated tiiat tiiis 
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fragment encoded the first 16 amino acids of the N-temiinus of IL-lfi pro as determined by 
purification and N-terminal sequence analysis. 

The second stage of the PGR procedure made Primer #3 composed of nucleotides 
1-17 (Figune 1) and a Notl restriction site and Primer #4 containing 20 T residues and a 
5 Notl restriction site. Primers and #4 were added to the THP-1 cDNA library described 
above and PGR amplified for 6 cycles at 94*C for 1 min, 50*C fior 1 min, and 72*C for 1 
min, and for 24 cycles at 94*C for 1 min, 60'C for 1 min and 72*C for 1 min. Southern 
analysis of Ae PGR amplified clone using a 17 base oligonucleotide probe (complementaiy 
to nucleotides 16-32 in Figure 1) found a band at iyiprDximately 1000 bp that was also 

10 found to possess IL-18 pro biological activity. Hie 1000 bp DNA was gel purified, 

subjected to a similar second round of PGR and subcloned into pGem-5 for sequencing. 
The nucleotide sequence of this clone is shown in Figure 1. 

In the third stage of PGR cloning, full length IL-16 pro clones were isolated fmm a 
cDNA library prepared from pheriph^ blood neutrophils. We found that neutrophils 

15 expressed IL-IB pro mRNA. We isloated two clones (p48 and p214) with IL-IB pro 
specific inserts of 1367 and 1360 base pairs, respectively. The DNA sequence shown in 
Figure 1 is a composit of all the IL-lfi pro clones. The amino adds encoded by all of the 
IL-IB pro clones we found were identical. 

IL-IB pro cDNA is approximately 1373 base pairs in length, including a stre&sh of 

20 A nucleotides cortesponding to tiie poly (A) tail of mRNA. These A residues are preceded 
by two polyadenylation signals, AATAA, at 1316 and 1335 base pair. The sequence has 
an open reading frame of 404 amino acids, starting with an initiator Met codon at nucleotide 
18 and ending with a termination codon at nucleotide 1230. Initiation of translation could 
also begin with an in-fiame Met codon at nucleotide 66. Botii initiator Met codons have 

25 consensus Kozak translation initiation sequences. Polypeptides initiated witii the Met 
residue at position 51 also have biological activity. 

IL-IB pro is a cytoplasmic enzyme. As the purified enzyme N-tominal amino add 
is Ash (120), the protease undergoes N-terminal processing resulting in removal of 1 19 
amino adds or 69 amino adds if the alternate initiator codon is used. Deletion analysis has 

30 indicated that at least 107 amino acids are rranoved fncRn the C-terminus. Howevo:, it 
appears that tiie full G-terminus is necessary £ar proper folding of the protease before 
approximately 107 G-terminal amino acids can be removed to insure biological activity for 
&e protease. 

Expression of Recombinant IL-IB pro 

35 Hie DNA sequence shown in Figure 1 was expressed in a mamTnalian cell (e.g., 

GOS-7 ceUs). For mammalian cell expression, syntiietic oligonucleotide primers were 
made to amplify die entire coding domain of IL-IB pro. Hie 5' primer (5- 



wo 91/15577 



19 



PCr/US91/02339 



ATATCGGTACCGCCTCCAGCATGCCrCCGGCAATGCCCACATC-3') contains an 
AspJlS lestriction site and an initiator Met residue fused to the N-taminus of tire enzyme 
(nucleotides 1-20). The 3' primer (5- 

CTGCTAGATCTGCCCXjCAGACATrCATACAG-S') contains a.Bgl2 restriction site and 
5 is complementary to nucleotides 883-902 of Rgure 1. The PGR generated ftagraent was 
Hgated into pDC303 mammalian vectCM:, as described in Mosley et al. CeU 59:335-348 
1989. 

Human IL-IB pro is preferably produced by recombinant DNA techniques. A 
recombinant DNA ^qnession system inssas a clone oncoding human IL-lfi pro 
1 0 polypeptide or a derivative thereof with biological activity into an expression vector. The 
expression vector is inserted into a host cell. The host cell's protein synthesis machinery 
synthesizes the recombinant human IL-16 pro polypeptide. 

Suitable host cells for expression of mammalian IL-IB pro polypeptides or 
derivatives thereof include prokaryotes, yeast or higher eukaryotic cells under the control of 

15 appropriate promoters. Prokaryotes include gram negative or gram positive organisms, for 
example E. coli or bacilli. Suitable prokaryotic hosts cells for uransfonnation include, for 
example. E. coli, Bacillus subtilis. Salmonella typhiimmum, and various otiier species 
within the genera Pseudtmwnas, Streptomyces, and Staphylococcus. Higher eukaryotic 
cells include established cell lines of mammalian origin as described below. Cell-free 

20 translation systrans could also be enq)loyed tt> produce mammalian IL-lfi pro polypeptides 
or derivatives tiiereof using RNAs derived from the DNA constracts disclosed herein. 
Appropriate cloning and repression vectors for use witii bacterial, fungal, yeast, and 
mammalian cellular hosts are described, for example, in Pouwels et al. Cloning Vectors: A 
Laboratory Manual, Elsevier, New York, 1985. 

25 When an XL- 1 B pro polypeptide or derivative fliereof is expressed in a yeast host 

cell, the nucleotide sequence (e.g., structural gene) that codes on expression for an IL-IB 
pro polypeptide or derivative thereof may include a leader sequence. The leader sequence 
enables iinproved extracellular secretion of translated polypeptide by a yeast host cell. 

AltCTnatively, in a prokaryotic host cell, such as E. coli, flie IL-IB pro polypeptide 

30 or doivative thereof may include an N-terminal methionine readue to facilitate expression 
c£ the lecomfamant polypq)tide in a prokaryotic host cell. The N-terminal Met may be 
cleaved fiom tiie expressed reccnxibuiant IL-lfi pro polyp^tide or derivative tiiereof. 
MoreovQr, prokaryotic host cells may be used fior expression of IL- IB pro polypeptides or 
derivatives tiiereof that do not require extensive proteolytic and disulfide processing. 

35 The reconabinant oipressiOT vectOTs carrying tiie recombinant IL- IB jno snructural 

gene nucleotide sequence or derivative thereof are transfected or transformed into a 
substantially homogeneous culture of a suitable host microorgaitism or mammalian cell 
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line. Examples of suitable host cells include bacteria such as E. coli, yeast such as 5. 
cerevisiae, or a mammalian cell line such as Chinese Hamster Ovary (CHO) cells. 

Transformed host cells are cells which have been transformed or transfected with 
IL-IB pro or a derivative thereof structural gene nucleotide sequences. Expressed IL-IB 

5 pro polypeptides will be located within the host cell and/or secreted into culture 

supernatant, dq)»iding upon the natore of the host cell and the gene construct inserted into 
the host cell. Expression vectors transfected into prokaryotic host cells generally 
comprise cue or more phenotypic selectable maikBis. A phenotypic selectable maiker is, 
for example, a gene encoding pcotems diat confer antibiotic resistance or that supply an 

0 autotrophic leqtiirement, and an origin ofreplication recognized by the host to ensure 
amplifk;ation within the host Other useful expressi(xi vectors for prokaiyodc host cells 
include a selectable maiker of bactmal origin derived fix>m commercially available 
plasmids. This selectable marker can comprise genetic elements of the cloning vector 
pBR322 (ATCC 37017). pBR322 contains genes for ampicillin and tetracycline resistance 

5 and thus provides simple means for identifying transformed cells. The pBR322 

"backbone" sections are combined with an appropriate promoter and an IL-lfi pro stmctural 
gene sequence. Other commercially vectore include, for example, pKK223-3 (Pharmacia 
Fine Chemicals, Uppsala, Sweden) and pGEMl (Promega Biotec, Madison, WI, USA). 
Promoter sequences are commonly used for recombinant ptokaiyotic host cell 

[) expression vectors. Common promoter sequences include ^-lactamase (penicillinase), 
lactose promoter Systran (Chang et al.. Nature 275:615, 1978; and Goeddel et aL, Nature 
281:544, 1979), tiyptophan (trp) promoter system (Goeddel et al., Nucl. Acids Res. 
5:4057, 1980; and EPA 36,776) and tac promoter (Maniaiis, Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, p. 412, 1982). A particularly useful 

5 prokaryotic host cell expression system employs a phage K Pl promoter and a cI857ts 
thermolabile repressor sequence. Plasmid vectors available firom the American Type 
Culture Collection which incorporate derivatives of the 1 Pl prcanoter include plasnud 
pHUB2 (resident in E. coli strain JMB9 (ATCC 37092)) andpPLc28 (resident in coli 
RRl (ATCC 53082)). 

3 Human IL-IB pro polypeptides and derivative polypeptides may be expressed in 

yeast host cells, preferably from Ae Saccharomyces genus (e.g., S. cerevisiae). Other 
genera c£ yeast, such as Pichia or Khcyveromyces , may also be employed. Yeast vectors 
will often contain an caigin of rqpJication sequence £tom a 2ti yeast plasmid, an 
auK>n(»nously n^licating sequence (ARS), apiomota'regi<ni, sequences for 

5 polyadenylatbn, and sequences fcff transcription temiination. Pr^erably, yeast vectors 
include an origin of iq)licatibn sequence and selectable marii^. Suitable promoter 
sequoices for yeast vectors include promoters for metaUotiiionein, 3-phosphoglycerate 
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kinase (Hitzeman et al., /. Biol. Chem. 255:2073, 1980) or other glycolytic enzymes 
(Hess et al., /. Adv. Enzyme Reg. 7:149, 1968; and Holland et al., Biochem. i7:4900, 
1978), such as enolase, glyceraldehyde-3-phosphate ddiydrogenase, hexokinase, pyruvate 
decarboxylase, phospho&uctofcinase, glucose-6-phosphate isomerase, 3-phosphoglycerate 
5 mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and 
glucokinase. Other suitable vectors and promoters fixr use in yeast expresaon are fiirthar 
described in Hitzeman, EP-A-73,657. 

Yeast vectors can be assembled, for etanqjle, using DNA sequences from pBR322 
for selection and replication in E. coU (AmpT gene and wigin of replication). Other yeast 

10 DNA sequences that can be included in a yeast expression construct include a glucose- 
repiessible ADH2 promoter and a-factor secretion leader. The ADH2 promoter has been 
described by Russell et al. (/. Biol. Chem. 258:2674, 1982) and Beier et al. (Nature 
300:724, 1982). The yeast a-factor leader sequence directs secretion of heterologous 
polypeptides. The a-factor leader sequence is often inserted between the promoter 

15 sequence and the structural gene sequence. See, e.g., Kurjan et al.. Cell 30:933, 1982; 
and Bitter et al., Proc. Natl. Acad. Sci. USA 57:5330, 1984. A leader sequence may be 
modified near its 3' end to contain one or more restriction sites. This will ^litate fusion 
of the leado: sequence to the structural gene. 

Yeast transformation protocols are known to those of skill in the art. One such 

20 protocol is described by Hinnen et al., Proc. Natl. Acad. Sd. USA 75:1929, 1978. The 
Hinnen et at protocol selects for Trp+ transformants in a selective medium, wherein the 
selective medium consists of 0.67% yeast nitrogen base, 0.5% casamino acids, 2% 
glucose, 10 \ig/wl adenine and 20 ^ig/ml uracil. 

Yeast host cells transformed by vectore containing ADH2 promoter sequence may 

25 be grown for inducing expression in a "rich " medium. An example of a rich medium is one 
consisting of 1% yeast extract, 2% peptone, and 1% glucose supplemented with 80 p-g/ml 
adenine and 80 }ig/ml uracil. Derepression of the ADH2 promoter occurs when glucose is 
exhausted fiom the medium. 

Mammalian or insect host cell culture systems could also be en^loyed to express 

30 lecombmant IL-IB pro polypeptide or daivatives diereof. Examples of suitable 

fnammaliaii host cell Mnes indudc tiie OOS-7 lines of monkey kidney cells (Gluzman Cell 
23:175, 1981), L cells, C127 cells, 3T3 cells, C3iinese hamster ovary (CHO) cells, HeLa 
cells, and BHK (xH lines. Suit^le mammalian «cpression vectors include nonffanscribed 
elemraits such as an origin of replication, a promoter sequence, an enhancer linked to the 

35 stractnral gene, other 5' or 3' flanking nondranscribed sequences, such as ribosome 
binding sites, a polyadenylation site, splice donor and acceptor sites, and transcriptional 
termination sequences. 
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Transcriptional and translatk)nal control sequences in mammalian host cell 
expression vectors may be provided by viral sources. For example, commonly used 
mammaliati cell piomoter sequences and enhancer sequences are denved fiom Polyoma, 
Adenovirus 2, Simian Virus 40 (SV40), and human cytomegalovirus. DNA sequoices 

5 derived from the S V40 vital genome, for exainple, S V40 origin, early and late pronwto:, 
dancer, splice, and polyadenyladon sites may be used to provide the oUasr genedc 
elements required for sxpresaaa of a structural gene sequence in a mammalian host cell 
Viral early and late promoters are particulaily useful because both are easily obtained from a 
viral genome as a fragment which may also contain a viral origin of replication (piers et al., 

0 Nature 273:113, 1978). Smaller or larger SV40 fragments may also be used, provided the 
approximately 250 bp sequence extending from the Hind JE site toward the Bgl I site 
located in the S V40 vital origin of replication site is included. 

Further, miammalian genomic IL-lfi pro promoter, canttd and/or ingnal sequences 
may be utilized, provided such control sequences are compatible with the host cdl chosen. 

5 Exranplary vectors can be constracted as disclosed by Okayama and Beig {Mol. CeU. Biol. 
5:280, 1983). 

Purification of Recombinant Human IL-IB pro 

Purified human IL-lfi pro polypeptides or dmvatives diereof are prepared by 
culturing transformed host cells undo- culture conditions necessary to express IL-IB pro 

0 polypeptides or derivatives thereof. The expressed polypeptides are purified from culture 
media or cell extracts. For example, supematants from cultured transformed host cells can 
secrete recombinant IL-16 pro polypeptide into culture media. The IL- IB pro polypeptide 
or derivative thereof is concentrated using a commercially available protein concentration 
filter, for racample, an Amicon or I^Cllipore Pellicon ulttafiltration unit Following the 

5 conceninitioa step, die concenttate can be applied to a purification matrix. For example, a 
suitable purification mattix is an IL-lfi pro inhibitor or an antibody molecule specific for an 
ILrlfi pro polypqitide or derivative thereof and bound to a suitable support Alt^atively, 
an anion exchange lesin can be eiiq)loyed, for exanople, a matrix or substrate having 
poidant dietiiylaminoetfayl (DEAE) groups. The matrices can be acrylamide, agarose, 

[) dextran, cellulose c»: otiier types commonly employed in protein purification. Alternatively, 
a caticm exchange step can be enq>loyed. Suitable caAm exchangors include various 
insoluble matrices comprising sulfopropyl or carboxymethyl groups. Sulfopropyl groups 
areprefened. 

Finally, one or more reverse-phase high performance liquid chromatography (RP- 
5 HPLC) steps employing hydrophobic RP-HPLC media, e.g., silica gel having pendant 
methyl or other aliphatic groups, can be employed to frnther purify an IL-IB pro 
polypeptide ccnnposition. Some or all of the foregoing purification steps, in various 
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combinations, can also be employed to provide a hcsnogeneous lecombinant protein. 
Alternatively, some or all of tiie steps used in tbe purification procedure described herein 
can also be ranployed. 

Recombinant polypeptide produced in bacterial culture is usually isolated by initial 
5 disruption of tiie host cells, extracdon firom cell pellets if an insoluble polypeptide, or fiom 
the supernatant if a soluble polypeptide, fallowed by one or more ccmcraitradon, salting- 
out, ion exchange or size exclusion chromatography steps. Finally, reverse phase high 
performance liquid chromatography (RP-HFLC) can be employed for final purification 
Steps. Microbial cells can be disrapted by any convenient method, including fiieeze-thaw 

10 cycling, sonication, mechanical disraption, or use of cell lysing agents. 

Transformed yeast host cells will generally e3q)ress IL-lfi pro polypeptide as a 
secreted polypeptide. This simplifies purification. Secreted recombinant polypeptide from 
a yeast host cell fermentation can be purified by methods analogous to those disclosed by 
Urdal et al. (J. Chromatog. 296:171, 1984), Urdal et al. describe two sequential, 

15 reversed-phase HPLC steps for purifeation of recombmant human IL-2 on a preparative 
HPLC column. 

Administration of n^lB pro Polvpeoride and Derivative Composirions 
The present invention provides methods of usmg th^peutic compositions 
ccnnprising an effective amount of E^lfi pro polypq)tides and derivatives tiieieof in a 

20 suitable diluent and carriCT. For therapeutic use, purified IL-IB pro or a biologically active 
derivative thereof is administered to a patient, preferably a human, for treatment in a 
msaaa appropriate to the indication. Thus, for example, IL-16 pro compositions 
administered to suppress autoimmunity can be given by bolus injection, contmuous 
infusion, sustained release from implants, or other suitable technique. Typically, an IL-16 

25 pro therapeutic agent will be administered in die form of a pharmaceutical composition 
comprising purified polypeptide in conjunction witii physiologically acceptable carriers, 
excipients or diluents. Such carriers will be nontoxic to patients at the dosages and 
concentrations employed. Ordinarily, the preparation of such compositions entails 
combining K^lfi pro with buffers, antioxidants such as ascorbic acid, low molecular 

30 weight (less than about 10 residues) polypqptides, protdns, amino adds, carbohydrates 
including glucose, sucrose or dextrans, chelating agents such as EDTA, glutatiiione and 
other stabilizers and excq)ients. Neutral buffeted saline or saline mixed with conspecific 
serum albimnn are exemplary appropriate diluents. 

The pharmaceutical compositions of the present invention include one or more of the IL- 

35 IB pro inhibitta: compounds of this invention formulated into compositions together with one or 
mote non-toxic physiologically acceptable carriers, adjuvants or vehicles which are collectively 
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refeired to herein as carriers, for parenteral injection, for oral administration in solid or liquid 
form, for rectal or topical administration, and the like. 

The compositions can be administered to humans and animals either orally, rectally, 
parentecally (intravenously, intramusculaEly or subcutaneously), intradst^ally, intravaginally, 
5 intrapetimeally, locally (powders, ointments or drops), or as a buccal or nasal spray. 

Canqx>sitions suitable for paioitraal injection xmy comprise physiologically acceptable 
sterile aqueous or nonaqueous solutions, dispersions, suspensions or ^milsions and sterile 
powders for reconstitution into sterile injectable solutions or dispansions. Examples of suitable 
aqueous and nonaqueous carries, diluents, solvHits or vehicles include water, ethanol, polyois 
10 (propyleneglycol, polyethyleneglycol, glycerol, and die like), suitable mixtures thereof, 
vegetable oils (such as olive oil) and injectable organic esters such as ethyl oleate. Proper 
fluidity can be maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of dispersions and by the use of surfactants. 

These compositions may also contain adjuvants such as preserving, wettmg, 
15 emidsifying, and dispensing agrats. Prevention of the action of microor^isms can be 

ensured by various antibacterial and anti&ngal agents, ft»r example, parabens, chlorobutanol, 
phenol, sorbic add, and the like. It may also be desirable to inchide isotonic agents, for 
example sugars, sodium chloride and the Mis. Prolonged absorption of the injectable 
pharmaceutical fomi can be brought about by tiie use of agents ddaying absorption, for 
20 exanq)le, aluminum monosterate and gelatin. 

If desired, and for more effective distribution, the compounds can be incorporated into 
slow release or targeted delivery systems such as polymer matrices, liposomes, and 
microspheres. They may be sterilized, for example, by filtration through a bacteria-retaining 
filter, or by incorporating sterilizing agents in the form of sterile solid compositions which can 
25 be dissolved in sterile water, or some other sterile injectable medium immediately before use. 

Solid dosage forms for oral administration include capsules, tablets, pills, powders and 
granules. In such solid dosage forms, tiie active compound is admixed with at least one mert 
customary exdpient (or carrier) such as sodium citrate or dicaldum phosphate or (a) fillers or 
extenders, as for example, starches, lactose, sticrose, glucose, mannitol and silidc acid, (b) 
30 binders, as for example, carfooxymethylcellulose, alignaies, gdatin, polyvroylpyirolidonc, 
sucrose and acada, (c) humectants, as for exatnple, glycerol, (d) disintegrating agents, as for 
exanq)le, agar-agar, caldum carbonate, potato or tapioca starch, alginic acid, certain complex 
alicates and sodium carbonate, (e) solutionjetarders, as for exanq)le parafBn, (f) absorption 
accelerators, as for exanq)le, quaternary ammonium compounds, (g) wetting agents, as for 
35 example, cetyl alcohol and glycerol monostearate, (h) adsorbents, as for example, kaolin and 
bentonite, and (i) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid 
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polyethylene glycols, sodium lauryl sulfate or mixtures thereof. In the case of capsules, tablets 
and pais, the dosage forms may also comprise buffering agents. 

Solid compositions of a similar type may also be employed as fill^s in soft and hard- 
filled gelatin capsules using such exdpients as lactose or milk sugar as well as Mgh molecular 
5 weight polyethyleneglycols, and the like. 

Solid dosage forms such as tablets, dragees, capsules, pills and granules can be 
piepaied with coatings and shells, such as ratetic coatings and others well known in this art. 
They may contain opacifying agents, and can also be of such coniposition that they release the 
active compound or compounds in a cotain part of &s intestinal tcact in a delayed manner. 
10 Examples 6£ embedding compositions which can be used arc pdymeric substances and waxra. 

The active compounds can also be in micro-encapsulated form, if appropriate, with one 
or more of the above-mentioned excipients. 

Liquid dosage forms for oral administration include pharmaceutically acceptable 
emulsions, solutions, suspensions, syrups and elixirs. In addition to the active compounds, the 
1 5 liquid dosage forms may contain inert diluents commonly used in the art, such as water or other 
solvents, solubilizing agents and emulsifiers, as for example, ethyl alcohol, isopropyl alcohol, 
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene^ycol, 1,3- 
butyleneglycol, dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, com geim 
oil, olive oil, castor oil and sesame oil, glycerol, tetrahydrofiorfuryl alcohol, 
20 polyethyleneglycols and fatty acid esters of sorbitan or mixturcs of these substances, and the 
like. 

Besides such inert diluents, the con^sition can also include adjuvants, such as wetting 
agents, emulsifying and suspending agents, sweetening, flavoring and perfuming agents. 

Suspensions, in addition to the active compounds, may contain suspending agents, as 
25 for example, ethoxylated isostearyl alcohols, polyoxyetiiylene sorbitol and sorbitan esters, 
microcrystalline cellulose, aluminum metahydroxide, bontonite, agar-agar and tragacanth, or 
mixturcs of these substances, and the like. 

Compositions for rectal administrations are preferably su^wsitories which can be 
prepared by mixing the compounds of the present invention witii suitable iwn-itritating 
30 exdpients ot carriers such as cocoa butter, pdyethylenegfycol or a suppository wax, which arc 
solid at ordinary terapKatures but liquid at body tenapetatnre and tiierefore, melt in tiie rectum or 
vaginal cavity and release tiie active cota^x>nenL 

Dosage forms for topical administration of a compound of tius invention include 
ointments, powders, sprays and inhalants. The active component is admixed under sterile 
35 conditions wifli a physiologically acceptable carrier and any needed preservatives, buffers or 
propellants as may be required. Ophduilmic fcnmulations, eye ointments, powders and 
solutions are also conten^lated as being widiin the scope of this invention. 
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The compounds of die present invention can also be administered in the f ami of 
liposomes. As is known in the art, liposomes are generally derived firam phospholipids or 
other lipid substances. liposomes are farmed by mono- or multi-lamellar hydrated liquid 
crystals that are dispersed in an aqueous medium. Any nan-toxic, physiologically accepobie 
5. and metabolizable lipid capable of forming liposomes can be used. The present con^xjsitions in 
liposome form can contain, in addition to the IL-IB pro inhibiting conipounds of die present 
invention, stabilizers, preservatives, excipients, and the like. The preferred lipids are the 
phospholipids and the phosphatidyl cholines (lecithins), botii natural and synthetic. 

Methods to form liposomes are known in the art. See, for example. Methods in Cell 
10 Biology. Ed. by Prescott, Volume XIV, Academic Press, New York, N.Y., p. 33 et seq., 
(1976). 

Actual dosage levels of active ingredient in die compositions of die present invention 
may be varied so as to obtain an amount of active ingredient tiiat is effective to obtain a desired 
therapeutic response for a particular composition and n»thod of administration. The selected 

15 dosage level tiierefore depends upon the desired therapeutic effect, on die route of 
administration, on die desired duration of treatmoit and odier facttirs. 

The total daily dose of die compounds of this invention adtmnistered to a host in single 
or divided doses may be in amounts, for exaniple, of fixwn about 0.1 mg to about 160.0 mg per 
kilogram of body weight. Dosage unit compositions may contain such amounts of such 

20 submultiples thereof as may be used to make up the daily dose. It will be understood, 

however, that the specific dose level for any particular patient will depend upon a variety of 
factors including the body weight, general health, sex, diet, time and route of administration, 
rates of absorption and excretion, combination with other drugs and the severity of ±e 
particular disease being treated. 

25 The following exanq>les are for die purposes of illustration and not by way of 

limitation. 

EXAMPLE 1 

This example illustrates die range of substrate specificity of purified human IL-16 
30 pro en2yme to cleave a group of amino add sequences. A variety of peptide substrates 
were prepared featuring changes in individual amino adds in die region corresponding to 
die cleavage site in human precursor IL-IB (Ifisl 15 to Prol 18). The reactivity of die 
peptide substrates was expressed relative to the pqptide conesponding to Alal 12 to Serl21 
of the precursor IL- 16 sequence. 
35 Substrate peptides were synthesized by solid phase metiiod (Menifield J. Amer. 

Chem. Soc. 56:304-05 1964) using atiier an Applied Biosystems 430A peptide synthesizer 
or by die manual T-bag approach of Houg^iten (Proc. Nat. Acad. Sd. USA 52:5131-35 
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1985). 4-Methyl benzhydiylamine resin was used. The substrate peptides were acteylated 
prior to cleavage from resin, by liquid HF (0°C, 1 hr) in the presence of anisole as 
scavenger (HF:anisole 9:1). After evaporation of HF, the substrate peptide resin mixtures 
were washed witii diethyl ether and extracted wifli 15% (wA^) acetic acid, lyophaized and 
5 purified on reva-se phase high performance liquid chromatography (RP-HPLC) on a Vydac 
C18, 2.2cm X 25 cm column. Ttifluoroacetic add (0.1%) in water was solvent A and 
0. 1% tiifluoioacetic add in acetonitrile was solvent B £ar the mobile phases. 

The purified substrate peptides were characterized by amino add analysis using a 
Beckman 6300 system, RP-HFLC and mass spectrometry. Mass spectra were obtained by 
10 either fast atom bombardment on a VG Trio-2 system with xenon as die ionizing gas and 
glycerol/thioglycerol (1:1) as the sample matrix or by 252cf plasma desorption mass 
spectrometry on a Bio-Ion 20 mass spectrometer (See Tsarbopoulos Peptide Res. 2:258-66 
1989). In each case, the mass of the observed peptide substrate corresponded with the 
theoretical value. 

15 Peptide solutions of standard concentration were prepared by dissolving about 2-3 

mg of peptide substrate in water, loading the solution onto a Waters Sep-Pak C18 cartridge 
and washing three times with 5 ml of water The peptide substrates were eluted with 
acetonitrile and dien evaporated to dryness. Each substrate was standardized to 1 mM by 
amino acid analysis prior te use. 

20 Purified human IL-lfi pro enzyme (lOpl), peptide substi^ in water {lO\iX), and 10 

mM Tris buffer, pH 8.0 containing 25% vAr glycerol (10|il) were mixed and tiie mixtures 
were incubated at 37*'C for four hours. The reaction was quenched with by adding 1 M 
glycine/HQ buffer pH 2.0 (10|il). The samples were tiien analyzed using RP-HPLC with 
a Vydac CI 8 column (0.46 cm x 25 cm) and eluting with a linear gradient from 100% 

25 solvent A to 70% solvent A/30% solvent B over 30 min at a flow rate of 1 ml/min. The 
effluent was monitored at 280 nm except with digestions of Ac-VHDAPV-NH2 and Ac- 
HDAP-NH2 (see Example 2) which were monitored at 220 nm. In the case of substrate 
peptides cleaved by the inx>tease, consumption of substrate peptide was observed together 
with formation of a 280 nm absorbing product A comparison of peak area of product 

30 peptide to tliat of total peak area of substrate and product jdelded the extent of peptide 
cleavage, because tiie area under the combined substrate and product peaks was constant 
and independent of tiie amtMint of cleavage by die IL-lfi pro enzyme. Identities of peptide 
product peaks were confirmed by amino acid analysis and by mass spectrometry. 

Table 1 shows the relative reactivities of a series of dght pqptide substrates tiiat 

35 were subject to digestion by purified IL-IB pro enzyme. 
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Peptide 


TAB! 1? 1 

Secpence 


Reactivity relative 
to peptide 1 


1 


AYVHDAPVRS 


1.00 


2 


AYVHNAPVRS 


<0.01 


3 


AYVHEAPVRS 


<0.05 


4 


AYVH(D-Asp)APVRS 


<0.01 


5 


AYVHDGPVRS 


3.40 


6 


AYVHDYPVEIS 


<0.05 


7 


AYVEDAPVRS 


0.50 


8 


AYYHDAAVRS 


0.47 



The cleavage site can be described wiA the conesponding human precursor IL-IB 
amino acid residues as follows: 

P2 PI PrP2' 

25 His-Asp-Ala-Pro 

Changing the L-aspartic acid residue of peptide 1 to eitiier aspaiagine (peptide 2), glutamic 
add ^ptide 3) or D-aq)artate (peptide 4) has a profound effect on tiie ability of IL- 16 pro 
to cleave the subsicate. These data establish the requirement of an I^aspactate residue in the 
PI position for tiiis enagme to be able to deave a substrate. 

30 Peptides 5 and 6 represent changes in the PI" position of the human precursor JLr 

Ifi cleavage site. Replacing alanine widi gjydne (peptide 5) results in a substrate tiiat is 3.4 
times more reactive tiian peptide 1. HowevM; changing tiie same residue to a valine 
(peptide 6) effectively prevents proteolytic cleavage. The fact tiiat witii a glycine residue in 
Pr the peptide is cleaved more readily suggests tiiat flie alanine residue in human precursor 

35 IL-IB polypeptide is not critical for substrate binding, while tiie result witii a valine residue 
in tiie PI' position indicates low steric tolerance at tiie PI' position. Thus, it seems 
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unlikely that the IL-IB pro enzyme or derivatives thweof will cleave anywhere other than 
between Asp-Gly and Asp- Ala residues. 

Peptides 7 and 8 represent changes to the P2 and P2' sites, respectively. Changing 
the proline of peptide 1 to an alanine yielded a substrate which was still cleaved by human 
n^lB pro but only half as efficiently as the peptide witii human IL-16 native sequence. A 
similar result was obtained when the histidine of peptide 1 was replaced wiUi a 
phenylalanine. These data suggest that human IL-lfi pro enzyme tolerates cons^ative 
replacemrats of both residues and that the P2 and P2' positions are not as vital for activity 
as the amino acids at the PI and PI' positions. 

EXAMPLE 2 

This example illustrates the effect of substrate peptide length on the ability of human 
IL-16 pro enzyme to cleave peptide substtates. The experiment was conducted as 
described in Example 1. Five substrate peptides were made that correspond K> the amino 
acid sequence of the IL-IB pro cleavage site of human precursor IL-IB. The results are 
shown in Table 2 below: 

Table 2 

Peptide Sequence Reactivity relative 



I AYVHDAPVRS 1.00 

9 EAYVHDAPVRSL 0.74 

25 

10 YVHDAPVR 2.40 

II VHDAPV Not cleaved 

30 12 HDAP Not cleaved 

The eight amino acid peptide (Ac-'iyr-Val-His-Asp-Ala-Pro-Val-Arg-NH2) is cleaved most 
efficiently while the four and sk amino add peptides are not cleaved. Thus, IL-lfi pro has 
a minimum number of amino acid residues necessaiy for substrate peptide cleavage. 

35 



20 
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30 



35 



EXAMPLE 3 

Synthesis of IL-1 B Pr^t^aff e Inhihimrs 

A suspension of Boc-Asp-OH(8.11 mmol) and fhioioacetic anhydride (16.2 mmol) in 
benzene(30inl)wastteatedwithtriethylaimne(16^niol)atioomtempe^ Thecatalyst4- 
dimethylaminqpyridine (0.41 mmol) was added to the solution and the reaction stirred for about 
2 h at room temperature. About 100 ml benzene was added to die reaction mixture. The 
organic solution was washed with 1 N HQ (2 X 50 ml), saturated HaHCO^ (2 X 50 ml), and 
saturated NaCl (2 X 50 ml), foUowed by drying over anhydrous MgS04. The solvent was 
then removed by evaporation under reduced pressure. The resulting oil was applied to a 2.5 X 
80 cm column of siUca gel (60-200 mesh). ITie tide compound was eluded with 2% metiianol 
in chlorofotm. 

B. SvndiesisofWm.-A^rH^T7 p^_pp^ A,-rF rHiF nn o.Tvr-Asp -rHnP.nH 
Boc-Phe-Asp-CH^ 

B0C-ASP-CH2F prepared in accordance witii die metiiod of Example 3A above may be 
dissolved in trifluoroacetic acid CIFA) and die mixture stirred for about 5 minutes at about 
23-C. Coldethermayfhenbeaddedtotiiemixdire. Hie etiier is evaporated and toluene added 
toco-evaporateresidualTFA. The deprotected peptide (H-Asp-CHiF) is obtained as a TFA 
salt. The deproiBcted peptide may then be coupled to apiotected amino acid (ie. Boc-HisOH, 
Boc-ProOH, Boc-TyrOH, Boc-PheOH) using a standard symmetric anhydride procedure 
employing dicyclohexylcarbodiimide as a coupUng reagent Bodanszky. supra. 

C. Svntfiesis of Ac-His-Asp-rH2F. Ac-Pro-Asp-rH oR Ac-Tyr-Asp -PH^P ^ 
Phe-Asp-m^F 

The Boc protecting group may be removed from the compounds made in accordance 
with the method of Example 3B using trifluorDacetic acid as described above. Each deprotected 
compound may tiien be acetylated witii acetic anhydride and diisopropylamine (DIAE) 
accoiding to standard techniques. Smart etaL«<pra. 

D. Synthesis of Chz-His-Asp-CH^F. C bg-Pro-Asn-CR pF. Cb^Tvr-Asp -rH;,p 
Cbz-Phe-Asp-CH^ 

The Boc protecting group may be removed from Boc-Asp-CH2F pi^wred according to 
the method of Example 3A using IFA as described above. Benzyloxycariwnyl-protected amino 
acids (i.e. Cbz-His-OH, Cbz-Phe-OH, Cbz-Tyr-OH. Cbz-Pio-OH) available from commercial 
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sources (Bachem, Philadelphia, PA) can then be coupled to the deprotected Asp using a 
symmetric anhydride coiq>ling procedure. Bodanszky, supra. 

EXAMPLE 4 

5 Inhibition of n^lfi pro Activity 

Boc-Asp-CEl2F was tested for its abili^ to inliibit IL-lfi pro catalyzed degradation of 
piecars(»:IL-lfi using an in v/rro assay method. BladcetaLI. Boc-Asp-CH2F was prepared 
in accordance widi the method of Exainple 3A. 

5 |j1 of precuisor n^lB (about 50 jigAnl in PBS) was mixed with 10 jil of purified IL- 

10 16 pro (15-75 \x.e/tcA in PBS) and incubated at 37*C for 30 min. The incubation was terminated 
by placing the samples on dry ice or by the addition of SDS sample buffer. PMSF 
(phenylmethanesulfonyl) was then added to a concentration of 1 mM, and the samples were 
dialyzed against water. After dialysis, the samples were concentrated to dryness in a Speed- Vac 
concentrator and dissolved in SDS sample buffer. 

15 SDS-PAGE was earned out with 12% polyacrylamide gels. The gels were placed in 

transfer buffer (0.192 M glycine. 0.025 M Tris-HCl (pH 8.3), 20% v/v methanol), and protein 
was then dectrophoresed cmto nitrocellulose (Sartorius) in a Hoeffer transfer apparatus (1 h at 
maximum voltage). The nitrocellulose was subsequenfly placed in 20 niM sodium phosphate, 
pH 7.4 (PBS) containing 3% bovine serum albumin for at least 15 min at room temperature. 

20 We used a monoclonal antibody (MAb) specific for mature IL-16 to probe the blot. MAb was 
added to a concentration of 9 }ig/ml, and the incubation was continued for 30 min. The blot 
was then rinsed three times with PBS and was developed with a solution obtained by mixing 6 
mg of horseradish peroxidase developing reagent (Bio-Rad) dissolved in 2 ml methanol and 
hydrogen peroxide (60 ^1 diluted into 10 ml of Tris-buffered saline). 

25 The data show that Boc-Asp-Ch2F completely inhibits the generation of mature IL- 

IB from precursor IL- IB at a concentration of 5 and partially inhibits generation of 
mature IL-16 at a ccmcentiation of 1 |xM. 

EXAMPLE 5 

30 This example illustrates biological activity of IL- 16 pro when transfected into COS 

cdls. We inserted a cDNA corresponding to amino acids 120 to 404 into a mammalian cell 
expression vector (pDC303). This plasmid was co-transfected into CX3S-7 cells (monkey 
kidney) with a second mammalian expiessicm plasmid omtaining a cDNA encoding 
precursor IL- IB. After two days, cells were radiolabeled with 35s and IL- IB specific 

35 proteins were immunq)recipitated from cell lysates. The immunoprecipitates were 

analyzed by SDS-PAGE and autoradiography. We found that uansfected COS-7 cells can 
process precursor IL-16 to mature IL-16 only if the cells were co-tiansfected with a 
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plasmid encoding IL-IB pro. Cells co-transfected with a control plasmid or cells mock 
transfected did not show any processing of precursor IL-lfi. Thus, IL-IB pro, lacing the 
N-terminal 1 19 amino acids enables cells to process precursor IL-IB to the mature form of 
this protein. 
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SEQUENCE LISTING 



(1) GENERaL INFORMATIONS 

(i) APPLICANT: BLACK, ROY 

SLEATH, PAtJL 
KRONHEIM, SHIRLEY 

(ii) TITLE CP INVENTION: INTERLEtJKlN 1 B PROTEASE 

{iii) NUMBER OF SEQUENCES: 4 

fiv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: IMMONEX CORPORATION 

(B) STREET: 51 UNIVERSITY STREET 

(C) CITY: SEATTLE 

(D) STATE: WASHINGTON 

(E) COUNTRY: USA 

(F) ZIP: 98101 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.24 

(vi) CURRENT APPLICATION DATA: 

(A) .APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATIONS 

(A) NAME: OSTER, JEFFREY B. 

(B) REGISTRATION NUMBER: 32,585 

(C) REFERENCE/DOCKET NUMBER: 0401WO 

(ix) TELSCOMMUNICATICHI INFORMATION: 

(A) ' TELEPHONE: 2065870430 

(B) - TELEFAX: 2065870606 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 269 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: protein 

(vi) ORIGIN!^ SOURCE: 

(A) ORGANISM: INTERLBUKIH-IB 
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(xi) SEQUENCE. DESCRZFIZON: SEQ XD NO:l: 

Met ala 61u Val Pro Glu Leu Ala Ser Glu Met Met Ala Tyr Tyr Ser 
15 10 IS 

Gly Asn Glu Asp Asp Leu Phe Phe Glu Ala Asp Gly Pro Lys Gin Met 
20 25 30 

Lys Cys Ser Phe Gin Asp Leu Asp Leu Cys Pro Leu Asp Gly Gly lie 
35 40 45 

Gin Leu Arg lie Ser Asp His His Tyr Ser Lys Gly Phe Arg Gin Ala 
50 55 60 

Ala ser Val Val Val Ala Met Asp Lys Leu Arg Lys Met Leu Val Pro 
65 70 75 80 

Cys Pro Gin Thr Phe Gin Glu Asn Asp Leu Ser Ihr Phe Phe Pro Phe 
85 90 95 



Ser Gin Gin Lys Ser Leu Val Met Ser Gly Pro Tyr Glu Leu Lys Ala 
130 135 140 



(2) INFOBHATION FOR SEQ 10 NO: 2: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 1659 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEQNESS: single 

(D) TOPOLOGY: linear 



MOLECULE TYPE: cDNA 
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(iii) HTPCJTHBIlCftL: N 

(iv) ANTX-SSNSE: N 

(V) FRAGMENT TJfPEs N-terminal 
<vi) ORIGINAL SOORCB: 

(A) OBGANXSM: INTBBtBOKXN IB PROTEASE 

(vii) IMMEDIATE SOURCE s 

(B) CLONE: INTERLEUKIN IB PROTEASE 

(X) PUBLICATION INFORMATION: 
(A) AUTHORS: BLACK , ROY 
SLEATH, PAUL 
KRONHEIM, SHIRLEY 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



AAAA66A6AC 


AAAA6CCTAA 


AAGA6AGT6G 




6ACAAG6TCC 


TGAAG6AOAA 


60 


GAGAAA6CTG 


TTTATCC6TT 


CCATGG6TGA 


AGGTACAATA 


AAT6GCTTAA 


G6TA6AAG6T 


120 


GAA66AAATA 


CT66AT6AAT 






AACAA66AA6 


A6ATGGA6AA 


180 


A6TAA2VACGT 


GAAAATGCTA 


CAGTTTATA6 


AAAAGAA6AA 


CGCTTAT6GA 


TAA6ACCCGA 


240 


GCTTT6ATT6 


ACTCC6TTAT 


TCC6A2^GG6 




GTCAAATTT6 


CATCACATAC 


300 


C6GATAAGTG 


AAA6T6ATAA 


TTT6TGAA6A 


A6ACA6TTAC 


CT66CA666A 


C6CT66GACT 


360 


CTCAGCAGAT 


CAAAGATCTG 


GAAATTACCT 


TAATT6AGGA 


AA6AAAGAAA 


ATTAT6CAAG 


420 


ACTCTCAA6G 




TCCTTTCCAG 


CTCCTCA6GC 


AGT6GAGGAC 


AACCCA6CTA 


480 


T6CCCACA66 


6AAC6GAAGA 


6TGAATCCTC 


AGGCTCA6AA 


GG6AAT6TCA 


A6CTTTGCTC 


540 


CCTAGAA6AA 


GCTCAAAGGA 


TAT6GAAACA 


AAA6TCG6CA 


6TTAAGTAGA 


ACA66A6A6A 


600 


TTTATCCAAT 


AAT6GACAA6 


TCAA6CC6CA 


CACGTCTTGC 


TCTCATTATC 


T6CAAT6AAG 


660 


AATTTGACAG 


TAGAGTGAA6 


AATGTTT6A6 


TAATTCCTA6 


AA6AACT6GA 


6CT6AGGTTG 


720 


ACATCACAGG 


CATGACAATG 


CTGCTACAAA 


ATCTGGGGTA 


CAGC6TAAAA 


TAAATTT6GA 


780 


AAAAGGGAT6 


TGAAARfiAAA 


TCTCACTGCT 


TCGGACATOA 


CTACA6A6CT 


GGAGGCATTT 


840 


GCACaCCGCC 


CAGAGCACAA 


GTATATGAGG 


GCGGACCTCT 


6ACA6CACGT 


TCCT60T6TT 


900 


CATGTCTCAT 


6GTATTCGG6 


AA6GCATTTG 


T6G6AA6AAA 


CACTCTGAGG 


AAGAAAATAT 


960 


ACACAAGTCC 


CAGATATACT 


ACAACTCAAT 


GCAATCTTTA 


ACATGTTGAA 


TACCAAGAAC 


1020 


TGCCCAAGTT 


TGAAGGACAG 


AACAGGAGAA 


TAAGAAACCG 


AAGGTGATCA 


TCATCCAGGC 


1080 


CTGCC6T6GT 


GACA6CCCTG 


GT6TGGTGTG 


GTTTAAAGAT 


TCA6TAGGAA 


GATTGGGAAA 


1140 


AAA66TTTCT 


ceAAACCTAT 


CTTTACCAAC 


TACAGAAGAG 


TTTGAGGATG 


ATGCTATTAA 


1200 


6AAA6CCCAC 


ATAGA6AA6A 


AACTAAATA6 


TTGA6ATTIT 


ATCGCTTTCT 


GCTCTTCCAC 


1260 


ACCAGATAAT 


6TTTCTT66A 


GACATCCCAC 


AATGGGCTCT 


6TTTTTATTG 


A6GTGGTAAC 


1320 


CAA66A6AAG 


GGAAGACTCA 


TTGAACATAT 


6CAA6AATAT 


6CCTGTTCCT 


GT6ATGTGGA 


1380 
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GGAAATITXC CGCA2^TIC 6ATTTGGAGA GAAGTTIGAG ATTA6CTTCA ITTGA6C&6C 1440 

CA6ATG6TA8 AGCGCAGATG CCCACCACI6 AAAGAGIGAC TIT6ACAAGA IGTrrCTACC 1500 

TC6TTCCCA6 GACATTAAAA TAA6GAAACI 6TATGAAT6T CTGCGG6CA6 GAABTGAAGA 1560 

6AIC6TTCT6 TAaAAGGTII TIG6AAITAT 6TCI6CT6AA TAAIAAACIT TTTIT6AAAT 1620 

AATAAATCTG 6TAGAAAAAT GAAAAAAAAA AAftAAAAAA 1659 
(2) IHFOPHATION WOSL SSQ ID N0:3: 

(i) SEQUENCE CHKRACIERISTICS : 

(A) LBNGTHt 26 base pairs 

(B) TYPE: nucleic acid 
(Cj STBANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: N 

(iv) ANTZ-SENSB: N 

(vi) ORIGINAL SOURCE: 

(A} ORGANISM: PRIMER fl 

(xi) sequence' DESCRIPTION: SEQ ID NO: 3: 
6TCGAATTCA AYCCNGCNAT GCCNAC 26 
(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(ill) HYPOTHETICAL: N 

(iv) ANTI-SENSE: N 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: PRIMER #2 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
GTCTCTAGAA GYTTNACRTT NCCYTC 26 
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WHAT IS CLAIMED IS: 

1 . An isolated polypeptide having jnotease activity for a specific protease 
cleavage site, wherein the protease activity is specific for a substrate peptide having an 
5 amino add sequence comprising: 

RI-ASP-R2-R3 

wherdn Ri and R3 are independendy any D or L isomer amino acid, R2 is Ala or Gly, and 
wherein the specific protease cleavage site is between Asp and R2. 

10 2. The isolated polypeptide of claim 1 v/hetan die substrate peptide is at least 

eight amino adds in length. 

3. An isolated IL-16 pro polypeptide having IL-IJJ pro activity and encoded by 
a DNA sequence is selected fiom die group consisting of the nucleotide sequences in 

15 Figure 1 beginning at nucleotide 1 and extending to nucleotide 1232, beginning at 
nucleotide 374 and extending to nucleotide 1232, beginning at nucleotide 374 and 
extending to a nucleotide from about 851 to about 962, DNA sequences which detectably 
hybridize to the Figure 1 sequence fiom nucleotide 1 to nucleotide 1232 and encode a 
polypeptide displaying Inological activity to proteolytically cleave human precursor IL-lfi 

20 polypeptide at a cleavage site between tiie Asp 1 16 and Ala 1 17 residues, and DNA 

sequences whidi, due to degeneracy of die genetic code, encode a mammalian XL- IB pro 
polypeptide encoded by any of the foregoing DNA inserts and sequences. 

4. The isolated polypeptide of claim 3 wherein the protein sequence is selected 
25 fi'om the group consisting of amino add 1 to amino add 404, amino add 51 to amino acid 

404, amino add 120 to an amino acid beginning at position 278 and Kctending to amino 
acid 315, and amino acid 120 to amino add 404 . 

5 . An isolated DNA sequence encoding a mammalian IL- 16 pro enzyme. 

30 

6 . The isolated DNA sequence of claim 5 wherein die mammalian IL-lfi pro 
enzyme is a human IL-lfi pro enzyme. 

7 . The isolated DNA sequence of claim 5 wherein the DNA sequence is 
35 selected from die group consisting of die nucleotide sequences in Figure 1 beginning at 

nudeotide 1 and extending to nucleotide 1232, beginning at nudeotide 374 and extaiding 
to nucleotide 1232, beginning at nucleotide 374 and extending to a nucleotide fiom about 
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851 to about 962, DNA sequences which detectably hybridize to the Figure 1 sequence 
fix)m nucleotide 1 to nucleotide 1232 and encode a polypeptide displaying biological 
activity to pioteolytically cleave human precursor IL-lfi polypeptide at a cleavage site 
between the Asp 116 and Ala 117 residues, and DNA sequences which, due to degeneracy 
5 of 4e genetic code, encode a mammalian JL-IB pro polypeptide encoded by any of the 
fcnregoing DNA inserts and sequences. 

A recombinant eqHession vector comprising a DNA sequence according to 
A recombinant expression vector conqaising a DNA sequence according to 



8. 
claims. 

10 

9. 
claim 6. 



10. A recombinant expression vector comprising a DNA sequence acceding to 
15 claim?. 

11. A process for preparing a mammalian IL-IB pro enzyme or an analog or 
derivative thereof, compriang cultming a suitable host cell coniprising a vector according 
to claim 8 under conditions promoting e^qpiession. 

20 

12. A process for preparing a mammalian IL-IB pro enzyme or an analog or 
derivative thereof, comprising culniring a suitable host cell conqmsmg a vector according 
to claim 9 under conditions promoting expression. 

25 1 3 . A process for preparing a manraialian IL-IB pro enzyme or an analog or 

derivative thereof, comprising culturing a suitable host cell comprising a vector according 
to claim 10 under conditions promoting expression. 



30 



14. An inhibitor coniq)oundcon[q)rising: 
Z-Q2-ASP-Q1 

where Z is an N-terminal protecting group; Q2 is 0 to 4 amino adds such tinat the sequence 
Q2-Asp substantially cmresponds to at least a portion of the sequence Ala-Tyr-Val-His-Asp 
and Qx is an electronegative leaving groiq). 

35 15. The inhibitor compound according to claim 14 wherein Z is Ci-Cgallqrl, 

benzyl, acetyl, Cj-Cg alkoxycarbonyl, benzyloxycariranyl or Ci-Cg alkyl caibonyL 
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1 6. The inhibitor compound accor^g to claim 14 wherein Z is t- 
butoxycarbonyl, acetyl or benzyloxycarbonyl. 

17. The inhibitor coII^)ound accotding to daim 14 wherein Q j is an aldehyde, a 
5 diazomethyl ketone or a halometiiyl ketone. 

18. The inhibitto- a>mpound according to claim 14 wherdn Qi is fluoiomethyl 



10 19. The inhibitor compound according to claim 14 wherein 02 is 1 amino acid 

residue. 

20. The inhibittn- coropoand according to claim 14 wherein Q2 is His, Phe, Pro 

orTyr, 

15 

21. A pharmaceutical composition comprising a physiologically acceptable 
carrier and an inhibits compound of the fomula: 

Z^-Asp-Qi 

where Z is an N-temiinal protecting group; Q2 is 0 to 4 amino acids such that Q2-Asp 
20 substantially corresp<Hids to at least a portion of the sequence Ala-Tyr- Val-His-Asp and Qi 
is an electronegative leaving group. 

22. A compound selected from the group consisting of Boc-Asp-CH2F, Boc- 
His-Asp-CH2F, Boc-Phe-Asp-CH2F, Boc-Pro-Asp-CH2F, Boc-Tyr-Asp-CH2F, Ac-His- 

25 ASP-CH2F, Ac-Phe-Asp-CH2F, Ac-Pro-Asp-CH2F, Ac-Tyr-Asp-CH2F, Cbz-His-Asp- 
CH2F, Cbz-Phe-Asp-CH2F, Cbz-Pro-Asp-CH2F and Cbz-Tyr-Asp-CH2F wherein Boc 
is t-butoxycarbonyl, Ac is acetyl and Cbz is benzyloxycarbonyl. 

23 . A method for impravvag wound healing at a woimd site comprising 
30 administering a pharmaceutical conipositicni to the wound site coaiprising the isolated 

polypeptide of claim 1 in a suitable pharmaceutical carrier. 



24. A method for treating arthritis compiising administering a pharmaceutical 
composition cornpiising the isolated polypqitide of claim I in a suitable pharmaceutical 
35 carrier. 
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25. A method for treating an autoimmune disease in a susceptible individual 
conqjrising administering a phannaceutical composition comprising the isolated polypeptide 
of claim 1 in a suitable phaimaceudcal cani^. 



26. The mediod of claim 25 wherein the autoimmune disease is selected fiom 
the group consisting of Insulin-dependent diabetes meUtus, Graves' disease, Hashimotos 
disease and a lupus disease. 



27. A method for reducing the detrimental side effects of radiation treatment 
10 comprising administering a pharmaceutical composirion comprising die isdaied polypeptide 
of claim 1 in a suitable pbaimaceutical earner. 



28. A metiiod of inhibiting IL-16 pro activity in a mammal in need of such 
treatment compiismg admuiistering to said mammal an effective inhibitoiy amount of an 

15 inhibitxxr conipound according to claim 14. 

29. A mediod of treating inflammation or preventing and treatmg an 
autoimmune disease in a mammal in need of such treatment comprising admmistering to 
said mammal an effective amount of an inhibitor compound according to claim 14 

20 

30. An antisense oligonucleotide comprising a sequence of at least 15 
nucleotides complementary to a sequence of BL-IB pro cDNA, wherem said antisense 
oligonucleotide inhibits translation of IL-16 pro mRNA. 



wo 91/15577 



1/1 
FIGURE 1 



PCr/US91/02339 



T A» AXA MX GGC TTA 



L.U *» Glu UU I*u Glji The Acg Val Ltu Asn lys Olu Glu Mt Olu tys Val lys Ar? Slu Asn Ala Thr V.l 

H.t Aso IffS Shr Arg Ala Leu He Asp S.r Val II. Pro lya Oly Ala Olii Ala ey» alo H« «=?» Il« ««r Tyr 
^CMiMKCCaSCrTTGACTaaCTCCerrAWCCOAAACeGCCACMSCATGCaAAOT 



itefc Gin AsD s«r Gin fily val L»u S«r S«r Phe Pro Ala Pro Oln Ala Val Gin Asp Asn Pro Ala Mat Pre Thr 125 

JOS ^ GAC TCt CAA GGA 6TA CIT TCT TCC TO CCA GCX CCr CM SCA SIS OS SM AAC CCA GCr AIO CCC A^ 392 

s.r s.r Slv Ser Olu Sly Asn Val Lys Lau O/s Smr L.u Glu Clu Ala Sin Arg 11a Trp lys Sin Lys S«r Ala 150 

XCC T« «C TCA GAA GS$ AAT CTC AM CTT TGC TCC CTA GAA 6AA (OT CSA AM CCA 467 

Slu II. Tvr Pro II. Met Asp lys Ser Ser Arg Thr Arg Leu Ala Leu He lie Cys Asn Glu Glu Phe Asp S.c 175 

ACT CCX ATA ATS SAC «G TCA AGC CGC ACA CGI CTT GCT CrC ATT ATC TGC AM 6AA GAA TTT GA^ 642 

11. Pro Arg Arg Thr Gly Ala Slu Val Asp 11. Shr Gly Ret Thr Met Leu Leu Gin Asn Uu Gly Tyr S.r Val 200 

ATT CCT AGA Afi^ ACT GGA GCX GAG GIT GAC ATC ACA OSC AIG ACA ASG CTG CIA CftA AAT CM 617 

ASB val Lvs ty« Asn L.u Thr Ala S.r Asp Met Thr Thr Glu Leu Clu Ala Phe Ala His Arg Pro Glu Bis ty« 225 

M GTS 7AA MA AAT CIC ACT GCr TCS SAC ATS ACT ACA GAS CIS G»3 GCA TXX GOV CM COC 692 

Shr ser Asd S.r Thr Phe Leu Val Ph. Met See His Oly 11. Arg Glu Gly 11. «ys Gly lys lys His S.r Glu 250 

jScTCTGMAGCACGTICCIGGISTICASBTCrCMCGGIAOTCBGGAAGOCACTTG^ ^6^ 

aln Val Pro Aso 11. L.U Gin Leu Asn Ala II. Ph. Asn M.t L.U Asn Thr IffS Asn QfS Pro S.C Lau I«rs Asp 275 

C!AOTCCaVG;«ATAeaCAACrCAMGCAATCTrCAACATGTTSA«ACCAASAAC^ «42 

Ws Pro Lys Val II. II. H. Gla Ala eys Arg Gly Asp S.r Pro Oly Val Val Trp Ph. lys Asp S.r Val Gly 300 

J«[c«J^gKMCATCATCCA8 0CCTGCCSX6GTGACAGCCCrGGTaiGereTS0TTTAAAGM 917 



Asp Ph. lie Ala Ph. Cys S.r Ser Thr Pro Asp Asn Val Ser Trp Arg His Pro Thr H.t Gly S« Val M« 11. 350 

at TXT ATC GCT TTC TGC TCT TCC ACA CCA GST ART GTT TCT TGG AGA CAT CCC ACA ATG GGC TCr OTT TTT ATT 1067 

Gly Arg Leu He Glu His Met Gin Glu Tyr Ala cys ser Cys Asp Val Gl« Glu 11. »» Arg Lys Val Arg Ph. 375 

GSAMCTCATT6AAC«ATGCAAGAA»SGCCTGXTCCTGTG«GIG6»GeAA*raTTCracAAG 1142 
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Attachment to Form PCT/ISA/210 PCT/US91/02339 
Continuation of Part VI, 
Llstin o£ inujLtipXe Inventions 

Group I, claims 1-4', drawn to a protease molecule. 

Group II, claims 5-13, drawn to a DMA sequence, an expres- 
sion vector containing the DNA, and a method of using the 
expression vector to make a protease. 

Group III, claims 14-22 and 28, drawn to an inhibitor, a 
pharmaceutical composition comprising the inhibit,,or and a 
method of use. 

■ Group VI, claim 23, drawn to a method for improving wound 
healing. 

Group VII, claim 24^ drawn to a method for treating arth- 
ritis. 

Group VIII, claims 25-2S, drawn to a method for treating 
an autoimmune disease. 

Group IX, claim 27, drawn to a method for reducing the 
side effects of radiation. 

Group X, claim 29, drawn to a method of treating inflamma- 
tion. 

Group XI, claim 29, drawn to a method of treating an 
autoimmune disease. 

Group XII, claim 30, drawn to an antisense 
oligonucleotide. 
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Nature, Volume 315, issued 20 June 1985, C. 
J. March, et. al. , "Cloning, Sequence And 
Expression Of Two Distinct Human Interleu- 
kin-1 Complementary DNA's", see pages 641- 
647, see particularly sentence spanning 
pages 644-645 and first full sentence on 
page 646. 

Proc. Natl. Acad. Sci, , USA, Volume 78, No. 
11, issued November 1981, S. V. Suggs, et. 
al. , "Use Of Synthetic Oligonucleotides As 
Hybridization Probes: Isolation • Of Cloned 
cDNA Sequences For Human S g-microglobulin" , 
see pages 6613-6517. 



